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CHAPTER I  
INTRODUCTION
A lthough  Chantem esse and W idal r e p o r te d  on th e  i s o l a t i o n  o f  a  b a c te r ­
ium i n  th e  f e c e s  o f  f iv e  c a s e s  o f  a c u te  d y s e n te ry  i n  1888 (1 5 ) ,  r e l a t i v e l y  
l i t t l e  e f f o r t  h a s  been  c o n c e n tr a te d  on th e  developm ent o f  a  s im p le  chemi­
c a l l y  d e f in e d  medium i n  w hich  t o  m a in ta in  c u l t u r e s  o f  S h i g e l l a . M e tab o lic  
pa thw ays have been  s tu d ie d  e x te n s iv e ly  i n  many o th e r  o rg a n ism s , how ever, 
b io c h e m ic a l s t u d i e s  w ith  th e  S h ig e l la e  have b een  n e g le c te d .
I n  1937 K nigh t (36) d e m o n s tra te d  t h a t  a  c o m b in a tio n  o f  N ic o t in ic  a c id  
and v i ta m in  c o u ld  r e p la c e  y e a s t  c o n c e n tr a te  r e q u ir e d  f o r  th e  c u l t i v a t i o n  
o f  S ta p h y lo c o c c u s  a u re u s  and M e u lle r  (52) showed t h a t  n i c o t i n i c  a c id  cou ld  
r e p la c e  one o f  s e v e r a l  f r a c t i o n s  o b ta in e d  from  l i v e r ,  w hich was u sed  i n  th e  
c u l t i v a t i o n  o f  th e  d ip h th e r i a  b a c i l l u s .  These o b s e rv a t io n s  le d  t o  th e  
a t te m p ts  t o  c u l t i v a t e  th e  d y s e n te ry  b a c i l l i  i n  s y n th e t ic  m edia (3 8 , 3 9 » 4 0 , 
6 3 ) .  D orfm an, K o ser, S a u n d e rs  and c o l l a b o r a to r s  (1 2 , 39» 4 0 , 41» 63) ac­
com plished  s e v e ra l  t h in g s :  f i r s t ,  th e y  c u l t i v a t e d  th e  d y s e n te ry  b a c i l l u s
i n  a d e f in e d  medium; and se c o n d , th e y  found  t h a t  n i c o t i n i c  a c id  was an 
e s s e n t i a l  g row th  f a c t o r  f o r  th e  d y s e n te ry  b a c i l l u s .  The d e f in e d  medium 
c o n ta in e d  d ip o ta sS iu m  hydrogen  p h o sp h a te , magnesium s u l f a t e ,  g lu c o se  (0 . 2#) 
and th e  fo l lo w in g  amino a c id s :  g lu ta m ic  a c i d ,  a lp h a - a la n in e , g ly c in e ,  l y ­
s i n e ,  t ry p to p h a n ,  h i s t i d i n e ,  v a l i n e ,  l e u c in e ,  p h e n y la la n in e ,  c y s t i n e ,  
p r o l i n e ,  h y d ro x y p ro l in e ,  m e th io n in e , a r g i n i n e ,  and ty ro fe ine  ( 63 )*
Many o rg an ism s have b een  found  t o  r e q u i r e  n i c o t i n i c  a c id  (37)*  Some 
o f  th e s e  a re  S ta p h y lo c o cc u s  a u re u s ,  C o ry n eb ac te riu m  d i p h th e r i a e , P ro te u s
v u l g a r i s , P . m o rg an i, A c e to b a c te r  suboxydans, B ru c e lla e  s p e c ie s ,  
P a s t e u r e l l a  s p e c i e s .  H em ophilus p e r t u s s i s . S tre p to c o c c u s  s a l i v a r i o u s . 
B a c i l lu s  me s e n t  e r i  e u s , C lo s tr id iu m  t e t a n i  and L euconostoc  m e s e n te ro id e s . 
Because o f  th e  a p p a re n t  dependence o f  th e  S h ig e l la e  on n i c o t i n i c  a c id  
f o r  g ro w th , th e  a g en t was te rm ed  a "grow th f a c t o r "  ( 4 1 ) .  On th e  o th e r  
h an d , th e  r e s u l t s  o f  K l i g l e r  and  G rossow icz ( 3 4 ) and o f  o th e r s  ( 4 9 ) 
su g g e s te d  t h a t  S h ig e l l a  may grow i n  t h e  a b se n c e  o f n i c o t i n i c  a c id .
I t  was p o s tu l a t e d  t h a t  n i c o t i n i c  a c id  was n o t a  "grow th f a c t o r , "  b u t 
t h a t  th e  n i c o t i n i c  a c id  p la y e d  a  r o l e  i n  th e  a c t i v i t y  o f  codehyd rase  
( coenzyme I  o r  I I )  w hich  made a v a i l a b l e  a so u rc e  o f  e n e rg y  to  th e  
o rg an ism  (3 4 ) .  T h is  e n e rg y  co u ld  n o t  be u se d  i n  th e  ab sen ce  o f  n ic o ­
t i n i c  a c id .  I t  was th o u g h t t h a t  n i c o t i n i c  a d d  d id  n o t d i r e c t l y  r e ­
p la c e  th e  coenzymes a s  su g g e s te d  by th e  work o f  Dorfman and K oser ( 1 0 ) ,  
b u t r a t h e r  t h a t  t h e  n i c o t i n i c  a c id  was c o n v e rte d  t o  th e  coenzyme.
The d e f in e d  medium u t i l i z e d  by K l ig le r  and  G rossow icz (34 ) was 
s o m e ^ a t  l e s s  oomplex th a n  t h a t  o f  th e  fo rm e r  w o rk e rs  ( 6 3 ) .  I t  con­
s i s t e d  o f  an  in o rg a n ic  s a l t  b ase  to  v h ic h  w ere added a s p a r a g in e ,  
sodium  g lu ta m a te ,  and c y s t in e .  O l i t z k i  and Koch ($ 6 ) employed a 
s y n th e t i c  medium c o n ta in in g  th e  fo l lo w in g  com ponents: a s p a r a g in e ,
c y s t in e ,  g lu ta m ic  a c id ,  t ry p to p h a n , a r g in in e ,  n i c o t i n i c  a c id  and 
p y ru v ic  a c id .  McKenzie e t  (4Ô) u sed  a  s y n th e t i c  medium c o n ta in in g  
severaQ. amino a c id s  and v i ta m in s  f o r  m  v i t r o  t e s t i n g  o f  c h e m o th e ra p e u tic  
a g e n ts  a g a in s t  S h i g e l l a .
Mizuno and Kosaka (5 0 ) found  t h a t  g lu ta m ic  a c id  was in d is p e n s a b le
f o r  S h ig e l l a  and  t h a t  n i c o t i n i c  a c id  was r e q u i r e d  b y  some, b u t  n o t a l l  
s t r a i n s  o f  th e  S h i g e l l a e . O th e rs  have a l s o  shown t h a t  t h e r e  i s  a  d i f ­
f e r e n c e  i n  th e  n ic o tin a m id e  re q u ire m e n t among d i f f e r e n t  s t r a i n s  o f  
S h ig e l la e  (44 )»  However, i n  th e  ab sen ce  o f  n ic o tin a m id e  th e  g row th  
was r e p o r te d  a s  b e in g  m o d e ra te . The v a r i a n t s  n o t r e q u i r in g  n i c o t i n ­
amide w ere o b ta in e d  by s e r i a l  s u b c u l tu re  i n  th e  p re se n c e  o f  d e c re a s in g  
c o n c e n tr a t io n s  o f  n ic o tin a m id e  o r  by b u lk  i n o c u la t io n  in to  a  b a s a l  
medium n o t c o n ta in in g  n ic o t in a m id e . T h is was fo llo w e d  by su b se q u e n t 
s u b c u l tu re  on n ic o t in a m id e - f r e e  m ed ia . I t  seems t h a t  a  c r i t i c a l  
e v a lu a t io n  o f  th e  n u t r i t i o n a l  re q u ire m e n ts  o f  b a c t e r i a  r e q u i r e s  t h e  
u s e  o f  a  sm a ll  inocu lum  and o f  a  medium c o n ta in in g  m inim al c o n c e n tra ­
t i o n s  o f  g row th  f a c t o r s .  Through such  p ro c e d u re s  i t  w ould be p o s s ib le  
to  m in im ize  t h e  r o le  o f  c o n ta m in a tin g  im p u r i t ie s  in tro d u c e d  w ith  th e  
in o c u la .
The compounds n i c o t i n i c  a c id  and n ic o t in a m id e , th o u g h  d i f f e r e i n g  
from  each  o th e r  o n ly  s l i g h t l y  ( th e  n ic o tin a m id e  i s  t h e  am ide o f  n ic o ­
t i n i c  a c i d ) ,  have been  u se d  a s  grow th  f a c t o r s  i n  th e  c u l t i v a t i o n  o f  
th e  S h ig e l la e  ; n ic o tin a m id e  i s  a b le  t o  r e p la c e  n i c o t i n i c  a c id .  Some 
have c la im ed  t h a t  t h e r e  i s  b e t t e r  grow th  o f  S h ig e l l a  w ith  n ic o tin a m id e  
th a n  w ith  n i c o t i n i c  a c id  ( 1 2 ) .
I n  a d d i t io n  to  t h e  n i c o t i n i c  a c id  re q u ire m e n t i n  S h i g e l l a , i t  
h a s  been  r e p o r te d  t h a t  some s t r a i n s  o f  S . f l e x n e r i  r e q u i r e  p a n to th e n ic  
a c id  ( 6 7 ) .  A s t r a i n  o f  S . d y s e n te r ia e  r e q u i r in g  L -p ro l in e  f o r  grow th  
h a s  a ls o  been  r e p o r te d  ( 3 2 ) .  F u rth e rm o re , a  s t r a i n  o f  S* f l e x n e r i  
w hich  r e q u i r e s  u r a c i l  and n i c o t i n i c  a c id  h as b een  found  ( 29 ) .

























P o ss ib le  Mechanisms fo r  S yn thesis  o f N iacin  (Tryptophan P recu rso r)
S e v e ra l  pa thw ays f o r  t h e  b io s y n th e s is  o f  n i a c in  i n  m ic ro o rg an ism s 
have been  proposed*  One o f  th e s e  p a th w ay s , u s in g  t r y p to p h a n  a s  t h e  
s t a r t i n g  m a t e r i a l ,  i s  i l l u s t r a t e d  i n  fu g u re  1 (2Ô)* The in fo rm a tio n  
on th e  m echanism  by  w hich  try p to p h a n  w as c o n v e r te d  t o  n i c o t i n i c  a c id  
was o b ta in e d  from  a  s e r i e s  o f  i n v e s t i g a t i o n s  u s in g  v a r io u s  s t r a i n s  
o f  N eurospora  c r a s s a * B eadle an d  a s s o c i a t e s  (2 )  found  t h a t  k y n u ren in e  
was an in te r m e d ia te  i n  th e  s y n th e s is  o f  n i c o t i n i c  ac id *  U sing  t r a c e r s ,  
Y anofsky and B onner showed t h a t  k y u r e n in e  i s  c o n v e r te d  t o  n i c o t i n i c  
ac id *  S e v e ra l  w o rk e rs  have  p o s tu l a t e d  t h a t  3 -h y d ro x y k y n u ren in e  i s  an 
in te r m e d ia te  betw een th e  c o n v e rs io n  o f  k y u re n in e  t o  3 -h y d ro x y a n th a n il ic  
a c id  i n  th e  b io g e n e s is  o f  n i c o t i n i c  a c id  (2 4 , 4 5 , 7 1 ) .  I t  h a s  been  
su g g e s te d  ( 3 ) t h a t  th e  benzene  r in g  o f  3- h y d ro x y a n th a n il ic  a c id  i s  
o x id a t iv e ly  c le a v e d  i n  th e  3 ,  4  p o s i t i o n  to  y i e l d  an  in te r m e d ia te  
s i m i l a r  t o  t h a t  i n d ic a te d  i n  f i g u r e  1 (28)*  T his conçiound co u ld  
c o n c e iv a b ly  undergo  r in g  c lo s u r e  w ith  th e  amino n i t r o g e n  t o  g iv e  q u in ­
o l i n i c  a c id  w hich i s  i n  tu r n  d e c a rb o x y la te d  to  n i c o t i n i c  a c id  ( 27 ) ,  
o r  t h i s  h y p o th e t ic a l  in te rm e d ia te  m igh t be d e c a rb o x y la te d  p r i o r  to  
t h i s  r in g  c lo s u r e  to  y i e l d  n i c o t i n i c  a c id  d i r e c t ly *  I t  h a s  a l s o  b een  
su g g e s te d  by L e i f e r  e t  (4 5 ) t h a t  a sy m m etrica l d iam ino compound 
may be th e  in te r m e d ia te  be tw een  3-h y d r o x y a n th r a n i l ic  a c id  and n i c o t i n i c  
a c id .
E l l i n g e r  and A bdel K ader ( l 6 ) have  su g g e s te d  t h a t  o r n i th in e  and  
g lu ta m ic  a c id  m ig h t be  in v o lv e d  i n  n i c o t i n i c  a c id  s y n th e s is *  The 
s u g g e s t io n  was p ro p o se d  on th e  b a s is  o f  e x p e rim e n ts  w ith  E* c o l i *
BIOGENESIS OF NICOTINIC ACID
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FIGURE 2
P o ss ib le  Mechanisms f o r  S yn thesis o f  N iacin  (O rn ith in e  P recu rso r)
G uvacine w i l l  s u b s t i t u t e  f o r  n i c o t i n i c  a c id  i n  th e  g ro w th  o f  S . a u re u s  
and P . v u l g a r i s , b o th  o f  w hich  r e q u i r e  n i c o t i n i c  a c id  ( 68 )* Some poin­
t i o n s  o f  t h e  o r n i th in e  scheme a s  i l l u s t r a t e d  i n  f ig u r e  2 h ave  been  
e s t a b l i s h e d  more th o ro u g h ly  i n  mammals ( 2 8 ) .
I s b e l l ,  W oo lley , B u t le r ,  and S e b r e l l  (3 0 ) d e m o n s tra te d  t h a t  a l ­
though  m ost s t r a i n s  o f  S h ig e l la  r e q u i r e  amino a c id s  i n  a  grow th  medium,
S . p a ra d y s e n te r ia e  Sonne (S* s o n n e i) was a b le  to  u t i l i z e  ammonium 
s a l t s  a s  a  n i t r o g e n  s o u rc e . Jo hnson  (31 ) u se d  caseam ino  a c id s  a s  a 
n i t r o g e n  so u rc e  i n  h i s  m ass c u l t i v a t i o n  p ro c e d u re s .  Mizuno and Kosaka 
(4 9 ) r e p o r te d  t h a t  g lu ta m ic  a c id  was n e c e s s a ry  f o r  g row th  o f  S . s o n n e i . 
I n  th e  same s p e c ie s ,  3 s t r a i n s  w ere found  to  r e q u i r e  o n ly  ammonia n i ­
t r o g e n  w h ereas 9 o t h e r  s t r a i n s  r e q u i r e d  amino n i t r o g e n .  These f in d in g s  
su g g e s t t h a t  S h ig e l la e  have n u t r i t i o n a l  re q u ire m e n ts  o f  a v a ry in g  n a tu r e ,  
some g row th  f a c t o r s  b e in g  more e x a c t i n  t h e i r  req u ire m e n t th a n  o th e r  
g row th  f a c t o r s .
E rla n d so n  and Mackey grew S . f l e x n e r i  i n  a  s y n th e t i c  medium w hich  
c o n ta in e d  a  s in g le  amino a c id  a s  th e  so u rc e  o f  n i t r o g e n .  The o th e r  
n u t r i t i o n a l  re q u ire m e n ts  w ere  m et by a  c o m b in a tio n  o f  m in e ra l  s a l t s ,  
two a c c e s s o ry  g row th  f a c t o r s  ( n i c o t i n i c  a c id  and th ia m in )  and a 
s in g le  c a rb o h y d ra te  e n e rg y  s o u rc e . I t  h a s  been  su g g e s te d  by  th e s e  
w o rk e rs  (1 8 ) t h a t  t h e  amino a d d  s e rv e s  a s  a  so u rc e  o f  ammonia, w hich 
i n  t u r n  s e rv e s  a s  a  p r im a ry  so u rc e  o f  n i t r o g e n  f o r  s y n t h e t i c  r e a c t i o n s .  
T h is  o f  c o u rs e  d oes no t e x c lu d e  th e  p o s s i b i l i t y  o f  d i r e c t  a s s i m i l a t i o n  
o f  th e  p re fo rm ed  amino a d d s  i n  th e  b io s y n th e s is  o f  p r o t e i n s .  The
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o b s e r v a t io n s  o f  th e s e  i n v e t i g a t o r s  s u g g e s t  t h a t  th e  coup l e x  o f  amino 
a c id s  found to  be v i t a l  by e a r l i e r  w o rk e rs  f o r  c u l t i v a t i o n  o f  S h ig e l l a  
may have been  m e re ly  s t im u la to r y  a g e n ts  r a t h e r  th a n  e s s e n t i a l  re q u ire m e n ts ,
I n  1940 Woods found t h a t  th e  b a c t e r i o s t a t i c  a c t io n  o f  s u l f a n i la m id e  
was c o m p e tiv e ly  p re v e n te d  by p a ra -a m in o b e n z o ic  a c id  ( 6 9 ) ,  T h is  was 
fo llo w e d  by  a s e a rc h  f o r  c h e m o th e ra p e u tic  a g e n ts  among compounds s t r u c ­
t u r a l l y  r e l a t e d  to  m e ta b o li te s *  W hile  much o f  th e  e a r l y  work was con­
s e q u e n t ly  d i r e c te d  to w ard  t h e  d i s c lo s u r e  o f  new and e f f e c t i v e  chemo­
th e r a p e u t i c  a g e n t s ,  o th e r  w ork e rs  a ls o  p re p a re d  and u t i l i z e d  i n h i b i t o r y  
a n a lo g u e s  o f  m e ta b o l i te s  i n  th e  s tu d y  o f  b io c h e m ic a l t r a n s f o r m a t io n s .
Thus t h e r e  d e v e lo p e d  a new ap p ro ach  and t o o l  i n  th e  s tu d y  o f  b io c h e m ic a l 
r e a c t i o n s .  The te rm  " i n h i b i t i o n  a n a ly s i s "  a ro s e  i n  S h iv e 's  l a b o r a to r y  
t o  d e s ig n a te  th e  f i e l d  o f  r e s e a r c h  a n p lo y in g  m e ta b o l i te  a n a lo g u e  i n ­
h i b i t i o n s  ( 65 )* V a rio u s  a n a lo g u e s  have been  us ed t o  s tu d y  t h e  s p e c i f c i t y  
o f  n i c o t i n i c  a c id  re q u ire m e n t i n  th e  S h ig e l la e  (1 1 , 1 2 , 1 4 , 4 2 , 4 7 , 4 9 ) .  ̂
T here  a p p e a rs  t o  be no r e p o r t  on th e  s tu d y  o f  p u r in e  and p y r im id in e  m et­
a b o lism  i n  th e  S h ig e l l a .  G e n e ra lly  b a c t e r i a l  c e l l s  do n o t  r e q u i r e  an  
e x te r n a l  so u rc e  o f  p u r in e s  and p y r im id in e s ,  s in c e  th e y  u s u a l ly  sy n th e ­
s i z e  th e s e  "de n o v o ,"  M e ta b o l i te  a n a lo g u es  a r e  u s e f u l  i n  th e  fo l lo w in g  
ways; e l u c id a t io n  o^ m e ta b o lic  pathw ays c o n firm in g  grow th  f a c t o r  r e q u i r e ­
m e n ts , d e t e c t i o n  o f  new p o s s ib le  c h e m o th e ra p e tic  a g e n ts ,  and  i n  th e  s tu d y  
o f  th e  b io lo g y  o f  an  o rg an ism .
R e p o r ts  (2 2 , 6I )  on th e  p ro d u c ts  o f  c a rb o h y d ra te  f e rm e n ta t io n  i n  
S h i g e l l a  l e d  to  s t u d i e s  on th e  p o s s ib le  e x is te n c e  o f  th e  t r i c a r b o x y c y l i c
a c id  c y c le  i n  t h i s  o rg an ism . P a n , Y ee, and Gezon ($ 8 ) found  t h a t  th e  
c i t r i c  a c id  C ycle  e x i s t s  i n  S . f l e x n e r i . A side  from  t h i s  o b s e r v a t io n ,  
no o th e r  m e ta b o lic  pa thw ays h av e  been  d e m o n s tra te d  i n  th e  S h i g e l l a .
The p a u c i ty  o f  in fo rm a tio n  on th e  n u t r i t i o n ,  m e tab o lism  and  b io c h e m is try  
o f  t h i s  im p o r ta n t  i n t e s t i n a l  p a r a s i t e  c o u ld  be a  h in d ra n c e  i n  th e  con­
t i n u i n g  s tu d y  o f  s h i g e l l o s i s  as an e p id e m io lo g ic a l  e n t i t y .
CHAPTER I I
STATEMENT OF PROBLEM 
O nly r e c e n t l y  a  c h e m ic a lly  d e f in e d  medium h a s  been  d e v e lo p e d  f o r  
S h i g e l l a , The m a jo r i ty  o f  t h e  s tu d i e s  on  th e  n u t r i t i o n  o f  S h ig e l la e  
have  b een  done w i th  S h ig e l l a  d y s e n t e r i a e . The i n v e s t i g a t i o n  p re s e n te d  
h e re  was d e s ig n e d  t o  d e te n n in e  th e  g row th  re q u ire m e n ts  o f  S . s o n n e i .
I n  a d d i t io n ,  i t  was d e s ig n e d  t o  d e te im in e  v a r i a t i o n s  i n  th e  g row th  
re q u ire m e n ts  of d i f f e r e n t  s t r a i n s  o f  S , s o n n e i . S tu d ie s  w ere perfo rm ed  
on th e  v a r io u s  f a c t o r s  w hich  a f f e c t  t h e  grow th  o f  5 , so n n e i i n  v i t r o  
i n  o r d e r  to  l e a r n  som eth ing  abou t th e  b i o lo g i c a l  b e h a v io u r  o f  t h i s  
o rg an ism .
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CHAPTER I I I
METHODS AND MATERIALS 
I* G e n e ra l M ethods and M a te r ia l s
(1 )  S t r a in s  o f  S h ig e l l a  so n n e i em ployed
N in e te e n  s t r a i n s  o f  S h ig e l l a  so n n e i w ere u se d  th ro u g h o u t t h i s  
i n v e s t i g a t i o n .  The s t r a i n  (#5044 -50 ) u se d  f o r  th e  m ajo r p a r t  o f  t h e  
i n v e s t i g a t i o n  was k in d ly  s u p p lie d  from  th e  s to c k  c u l tu r e s  o f  D r. W.
H. Ewing o f  th e  L a b o ra to ry  B ranch , Communicable D ise a se  C e n te r ,  U. S. 
P u b l ic  H e a lth  S e r v ic e ,  A t la n ta ,  G e o rg ia . One s t r a i n  was o b ta in e d  
from  D r. A r th u r  Abrams and was a t r a n s p l a n t  o f  # 1 3 -3 , a  fo rm  I  s t r a i n  
w hich  was i s o l a t e d  o v e rs e a s  i n  1943 and s e n t  t o  th e  W a lte r  Reed Army 
H o s p i ta l  f o r  s e r o l o g ic a l  i d e n t i f i c a t i o n  ( 1 ) .  F iv e  s t r a i n s  w ere ob­
t a i n e d  from  Commander T* M. F lo y d , N aval M edical C e n te r , B e th esd a , 
M aryland ( 2 1 ) .  They a r e :  B-2569-3> s e n t  t o  th e  N aval M ed ica l
C e n te r  i n  J u ly ,  1951 , from  C a iro , E gyp t; B -2501 -3 , s e n t  to  th e  N aval 
M ed ica l C e n te r  i n  D ecem ber, 1952 ( i t  was i s o l a t e d  d u r in g  th e  s tu d y  o f  
a  d i a r r h e a l  o u tb re a k  a b o a rd  th e  USS B a y f ie ld ) ;  B -25 0 4 -3 , s e n t  to  th e  
N aval M ed ica l C e n te r  on J u ly  2 , 1953, from  C a iro , Egypt ( i t  was i s o ­
l a t e d  from  a  d o g ); B-2506—3 , was o b ta in e d  on J u ly  2 3 , 1954 , from  Camp 
L e je u n e , N. C . , and was i s o l a t e d  d u r in g  an o u tb re a k  o f  s h i g e l l o s i s  
in v o lv in g  31 men, some o f  whom w ere h o s p i t a l i z e d ;  and  B-2547—2 was 
o b ta in e d  on A ugust 4 , 1 9 54 , from  C a iro , E g y p t. One c u l t u r e ,  r e c e iv e d  
from  D r. H. M. G ezon, U n iv e r s i ty  o f  P i t t s b u r g h  S ch o o l o f  M ed ic in e , 
P i t t s b u r g h ,  P e n n s y lv a n ia , was i s o l a t e d  i n  A p r i l  o f  I9 6 0  from  a Mr.
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L e ig h  H a l l iw e l l  (2 4 ) who had  been  s u f f e r in g  from  a  s e v e re  d i a r r h e a l  
i n f e c t i o n .  Nine s t r a i n s  w ere r e c e iv e d  from  D r. M axwell F in la n d ;  th e s e  
w ere i s o l a t e d  from  human c a s e s  o f  d y s e n te ry  a d m itte d  to  t h e  B oston  C i ty  
M em orial H o s p i ta l  (20 )#  C u ltu re s  w ere  a l s o  o b ta in e d  from  D r. Jo sep h  
L e in , B r i s t o l  L a b o ra to r ie s  ( B r i s t o l  H - ,3 ) ,  S y ra c u s e , New Yoric, and from  
th e  M aryland D epartm ent o f  H e a lth , B a ltim o re , M aryland (# 2 1 8 7 9 -6 0 ), 
th ro u g h  t h e  c o u r te s y  o f  D r. G. S . C o f f in ,  U n iv e r s i ty  o f  M aryland S ch o o l 
o f  M ed ic in e , B a lt im o re , M ary land .
(2 )  C u ltu re  m edia  and m ethods em ployed
One s y n th e t i c  medium was u se d  th ro u g h o u t th e  study*  T h is  medium,
d e s c r ib e d  by E r la n d so n  and  Mackey ( 1 8 ) ,  was m o d if ie d  i n  one r e s p e c t ;
D L -a s p a r t ic  a c id  r e p la c e d  th e  L -a s p a r t i c  ac id #  The c o m p o s itio n  o f  t h i s
medium i s  l i s t e d  below ;
KgHPOj  ̂ (R eagen t G rade) 0 .0 6 ?  M
KH2P0^ ( " » ) 0 :0 6 7  M
NaCl ( ” »* ) 0 .8 5  %
Mg^SO, ( « " ) 0#05 %
 ̂ 4
T hiam in  HCl ( N u t r i t i o n a l  B io ch em ica ls  C o rp .)  0#03 %
N ia c in  ( « » « ) 0 .0 0 1  %
DL A s p a r t ic  A cid ( " " •’ ) 0 .2 5  %
T his medium was p re p a re d  w ith  d i s t i l l e d ,  d e io n iz e d  w a te r ,  a d ju s te d  to
pH 7 .0 ,  and a u to c la v e d  a t  15 pounds o f  p r e s s u r e  f o r  15 m inu tes#  
A u to c la v e d  d e x tro s e  s o l u t io n  (0 .9  m l o f  a  9^ s o lu t io n )  was added
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a s e p t i c a l l y  t o  th e  tu b e s  o f  m edia j u s t  p r i o r  t o  u s e .  The m edia  w ere 
p re p a re d  and d is p e n s e d  i n  such  a m anner t h a t  a l l  tu b e s  c o n ta in e d  a 
f i n a l  volum e o f  10 m l p e r  t u b e .  The c o n c e n tr a t io n  o f  t h e  medium was 
p re p a re d  i n  such  a way t h a t  a lth o u g h  8 m l o f  th e  medium was tu b e d  
and a u to c la v e d ,  i t  p ro d u ced  th e  p ro p e r  c o n c e n tr a t io n  a t  a  f i n a l  
volum e o f  10 m l. T h is  was done so t h a t  0 .9  m l o f  th e  d e x tr o s e  so ^  
l u t  io n  ( f i n a l  c o n c e n tr a t io n  o f  d e x tro s e  was 1^ ) ,  1 ml o f  th e  a s s a y  
m a t e r i a l ,  and  0 .1  ml o f  t h e  b a c t e r i a l  ino cu lu m  c o u ld  be  added t o  
o b ta in  a  f i n a l  volume o f  10 m l. The o th e r  m edia  em ployed w ere 
n u t r i e n t  b ro th  and n u t r i e n t  a g a r  ( 9 ) ,  and th e s e  w ere u sed  p r im a r i l y  
f o r  s tu d y in g  co m p ara tiv e  g row th  c u rv e s  o f  S h ig e l l a  i n  d i f f e r e n t  m ed ia .
(3 )  A ssay  o f  grow th f a c t o r s
Compounds t o  be t e s t e d  f o r  t h e i r  grow th p rom o ting  and  grow th 
s t im u la t in g  a c t i v i t i e s  w ere p re p a re d  by w e ig h in g  a s p e c i f i e d  amount and 
d i s s o lv in g  i n  d i s t i l l e d ,  d e io n iz e d  w a te r .  T h is  was added t o  th e  
s y n th e t i c  m edia to  o b ta in  a d e s i r e d  f i n a l  c o n c e n tr a t io n  when 1 ml 
o f  th e  s o l u t io n  was added to  9 m l o f  m edia ( f i n a l  volume o f  10  m l) .
A sam ple c a l c u l a t i o n  i s  a s  fo l lo w s :  1 mg p e r  ml i s  e q u iv a le n t  t o
1:1000  o r  1000  meg p e r  m l; 1  ml o f  a s o l u t io n ,  c o n ta in in g  10  meg p e r  
ml added  to  9 ml o f  m ed ia , w i l l  r e s u l t  i n  a f i n a l  c o n c e n tr a t io n  o f  
1  meg p e r  m l. S o lu t io n s  w ere s t e r i l i z e d  by p a s s in g  th ro u g h  Sw inney 
f i l t e r s .
(4 )  M ain ten an ce  o f  c u l tu r e s
S to c k  c u l tu r e s  w ere t r a n s f e r r e d  e v e ry  4^  h o u rs  by p i p e t t i n g  0 .1  ml
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o f  th e  b a c t e r i a l  su sp e n s io n  in to  9 .9  ml o f  f r e s h  m ed ia . C u ltu re s  t o  be 
u se d  f o r  an  e x p e rim e n t w ere  t r a n s f e r r e d  e v e iy  24  h o u rs  f o r  a p e r io d  
o f  a t  l e a s t  4 d ays p r i o r  to  u s e . The c u l tu r e  tu b e s  w ere in c u b a te d  a t  
37^ C. S u g a r f e rm e n ta t io n  t e s t s ,  s t r e a k - p l a t i n g  on n u t r i e n t  a g a r  and 
B acto MacConkey a g a r ,  gram s t a i n i n g ,  and o b s e r v a t io n  o f  in d iv id u a l  
c o lo n ie s  w ere  u se d  to  d e te c t  p o s s ib le  co n tam in a tio n *  S u g ars  em ployed 
i n  th e  f e rm e n ta t io n  tu b e s  in c lu d e d  d e x tr o s e ,  x y lo s e ,  l a c t o s e ,  rham nose, 
and  m a l to s e .  When f u r t h e r  t e s t i n g  was needed  t o  d e te rm in e  t h e  p u r i t y  
o f  th e  s to c k  c u l t u r e s .  S h ig e l l a  g ro u p in g  serum  (L e d e r le )  was u t i l i z e d .  
S to ck  c u l tu r e s  w ere s to r e d  ( a s  r e f e r e n c e  c u l tu r e s )  on n u t r i e n t  a g a r  
s l a n t s  i n  t h e  f r o z e n  s t a t e .
(5 )  C e l l  p r e p a r a t io n s
C e l l s  w ere  u se d  a f t e r  24 h o u rs  o f  in c u b a tio n ;  t h i s  was due  p a r t l y  
t o  th e  o b s e r v a t io n s  o f  o th e r s  w ork ing  w ith  S h ig e l l a  f l e x n e r i  (1 8 ) and 
t o  p e r s o n a l  o b s e r v a t io n s  w ith  t h e  CDC #5044-59 s t r a i n  o f  S . so n n e i 
grown i n  th e  s y n th e t i c  medium. C e l l s  u se d  f o r  th e  e%p e r im e n ts  w ere 
w ashed 3 t im e s  w ith  p h y s io lo g ic a l  s a l in e  and re su sp e n d e d  i n  s a l i n e  t o  
p ro d u ce  an  o p t i c a l  d e n s i ty  re a d in g  o f  0 .2 2  {60% t r a n s m i t ta n c e )  on t h e  
Bausch and  Lomb " S p e c tro n ic  20" s p e c tro p h o to m e te r . The wave le n g th  
was a r b i t r a r i l y  s e t  a t  575 mu. T his s e t t i n g  was u sed  th ro u g h o u t th e  
e x p e r im e n ts . I n  t h e  p r im a ry  s ta g e s  o f  th e  work an  inocu lum  o f  a p p ro x ­
im a te ly  3 to  10 X 10^ c e l l s  ( i n  0 .1  m l) was u s e d . I t  was soon  fo und  
t h a t  such  sm a ll  num bers o f  c e l l s  i n  th e  inocu lum  do n o t a lw ays p ro d u ce  
g row th  i n  th e  s y n th e t i c  medium. To a s s u re  grow th  i n  a l l  o f  th e  t u b e s .
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a  s e r i e s  o f  e x p e r im e n ts , t o  be d e s c r ib e d  l a t e r ,  was c o n d u c ted . . I t  was 
found  t h a t  an  in o cu lu m  s i z e  o f  2 .5  t o  5 x  10^  c e l l s  ( i n  0 .1  m l) was 
needed  to  o b ta in  grow th  i n  100# o f  th e  tu b e s .  Such' num bers o f  c e l l s  
w ere o b ta in e d  by  a  1 :100  d i l u t i o n  o f  th e  s u s p e n s io n  o f  c e l l s  a t  0 .2 2  
0 . 0 .  r e a d in g .
B a c t e r i a l  c e l l s  f o r  m anom etric  s tu d i e s  w ere p re p a re d  i n  a  s i m i l a r  
m anner. T w en ty -fo u r-h o u r c u l t u r e s  w ere w ashed 3 t im e s  w ith  a  p h o sp h a te  
b u f f e r  (pH 7) and su spended  i n  th e  b u f f e r  to  o b ta in  an o p t i c a l  d e n s i ty  
r e a d in g  o f  1 .0 0  (10#  t r a n s m i t t a n c e ) .  One ml o f t h i s  s u s p e n s io n  was 
added d i r e c t l y  to  each  W arburg f l a s k .  The d e c i s io n  to  u se  t h i s  su s ­
p e n s io n  o f  c e l l s  was re a c h e d  a f t e r  an ex p erim en t on th e  oxygen u p ta k e  
i n  t h e  p re s e n c e  o f  g lu c o se  i n  te rm s  o f  r a t e s  o f  r e a c t i o n  and th e  amount 
o f  oxygen ta k e n  up by v a r io u s  c e l l  su s p e n s io n s .
( 6 ) C oun ting  m ethod
B a c te r i a l  c o u n ts  o f  th e  in o c u la  w ere  made by  p l a t i n g  0 .1  m l o f  
th e  su s p e n s io n  on n u t r i e n t  a g a r  p l a t e s ,  u s in g  a "hockey s t i c k "  t o  
sp re a d  th e  su sp e n s io n  u n ifo rm ly  o v e r  th e  e n t i r e  p l a t e .  T h is m ethod 
was u se d  to  coun t th e  number o f  b a c t e r i a  i n  o th e r  p h a se s  o f  t h i s  w ork, 
e s p e c i a l l y  i n  e x p e rim e n ts  w here c o lo re d  compounds w ere  in v o lv e d  m aking 
th e  s p e c tro p h o to m e te r  u n s u i ta b le  f o r  a c c u ra te  d e te r m in a t io n s .
To m easu re  th e  re s p o n se  o f  th e  b a c t e r i a  t o  v a r io u s  compounds, 
t u r b id i m e t r i c  re a d in g s  w ere made to  compare g ro w th . The grow th  o f  t h e  
o rg an ism  i n  th e  p re s e n c e  o f  v a r io u s  compounds was compared t o  t h e  
g row th  o f  th e  o rg an ism  i n  th e  s y n th e t i c  medium.
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(7 )  B u f fe r  and s a l in e  s o lu t io n s
The b u f f e r  u se d  f o r  w ashing  th e  c e l l s  and f o r  p r e p a r in g  su sp e n s io n s  
o f  c e l l s  f o r  W arburg s tu d i e s  c o n s i s te d  o f  th e  two p h o sp h a te  s a l t s  i n  
th e  p r o p o r t io n s  l i s t e d  i n  t h e  E r la n d  so n-Ma ck ey s y n th e t i c  medium (18)
(S ee  page  1 2 ) ,  The b u f f e r  was a d ju s te d  t o  pH 7*0, The p h y s io lo g ic a l  
s a l i n e  was p re p a re d  by  d i s s o lv in g  8 ,5  grams o f  sodium  c h lo r id e  
( r e a g e n t  g ra d e )  i n  1000  ml o f  d i s t i l l e d  w a te r .
( 8 ) C hem icals
Compounds, t e s t e d  f o r  t h e i r  g row th  p rom o ting  a c t i v i t y  on t h e  
S h ig e l l a  s t r a i n s ,  and  s p e c i a l  i n g r e d i e n t s  o f  th e  s y n th e t i c  medium w ere 
o b ta in e d  from  t h e  N u t r i t i o n a l  B io ch em ica ls  C o rp o ra t io n , C le v e la n d , O hio .
As a  r u l e ,  th e s e  compounds w ere f r e e l y  s o lu b le  i n  w a te r .  The compounds 
i n  s o l u t io n  w ere s t e r i l i z e d  by f i l t e r i n g  th ro u g h  an a s b e s to s  pad  f i l t e r .
The fo llo w in g  compounds w ere  o b ta in e d  from  and  s y n th e s iz e d  by D r, S ,
Jo n n so n , S ch o o l o f  Pharm acy, U n iv e r s i ty  o f  N orth  C a ro l in a ,  C hapel 
H iH ,  N, C, (d e c e a se d , J u ly  1 6 , I 96O) (3 6 ) :  2 -a c e ta m id o -4 -m e th y lp y r im i-
d in e ,  4- a c e ty l - a m in o - 2 , 6-d im e th y lp y r im id in e , 2-a m in o p y r im id in e , 2-  
a m in o th ia z o l e , 4-a m in o -2 , 6-d im e th y lp y r im id in e , 2-b u ty la m in o p y r im id in e ,
2-d ic h lo ro a c e ta m id o p y r im id in e , 2-d ic h lo ro a c e ta m id o d im e th y lp y r im id in e ,
4- d ic h lo ro a c e ta m id o -2 , 6- d im e th y lp y r im id in e , 2« d ic h lo ro a c e ta m id o -2 , 6-  
d im e th y lp y r im id in e , 2—p ro p io n y la m in o p y rim in d e , and o x y th iam in e  h y d ro c h lo r id e .
I I ,  E x p e r im e n ta l M ethods and  M a te r ia l s
( 1 ) Growth cu rv e
The s t r a i n  (CDC #5044-59) o f  S h ig e l l a  s o n n e i ,  o b ta in e d  from  D r,
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W. H. Evring, was u se d  t o  d e te rm in e  th e  g row th  cu rv e  o f  t h i s  organism * 
C e l l s  w ere o b ta in e d  from  a  2 4 -h o u r c u l t u r e  grown i n  th e  E r la n d so n -  
M ackey medium. The inocu lum  c o n s i s te d  o f  a p p ro x im a te ly  4 x  1 0 ^  c e l l s .  
O n e - te n th  m l o f  t h i s  su s p e n s io n  was in o c u la te d  i n to  tu b e s  o f  n u t r i e n t  
b r o th  and in to  tu b e s  o f  s y n th e t i c  m ed ia . Growth was measu3red t u r b i d -  
i m e t r i c a l l y  and a ls o  by c o u n tin g  th e  number o f  c o lo n ie s  on p l a t e s .
The l a t t e r  was acco m p lish ed  by p l a t i n g  0 .1  m l o f  t h e  c e l l  su s p e n s io n  
a t  v a r io u s  tim e  i n t e r v a l s .  T h is  was done w ith  th e  c e l l s  grown i n  
b o th  m ed ia . S e v e ra l  d i l u t i o n s  o f  th e  c e l l  su s p e n s io n s  w ere made t o  
i n s u r e  a c c u ra c y  and e a s e  i n  c o u n tin g  th e  numbers o f  c o lo n ie s  on th e  
p l a t e s .  R ead ings d u r in g  th e  f i r s t  24 h o u rs  o f  in c u b a t io n  w ere made 
a t  4  h o u r i n t e r v a l s ;  d u r in g  th e  n e x t  24 h o u r p e r io d  re a d in g s  w ere 
made a t  6 h o u r i n t e r v a l s .  R ead ings d u r in g  th e  fo l lo w in g  48 h o u r 
p e r io d  (from  48 t o  96 h o u rs )  w ere made a t  12 h o u r i n t e r v a l s .  The 
grow th  c u rv e s  o f  th e  o th e r  s t r a i n s  w ere s tu d ie d  by  t u r b id im e t r i c  
m easurem ents and o v e r  a  p e r io d  o f  72. h o u rs .
( 2 ) D e te rm in a tio n  o f  th e  s i z e  o f  inocu lum  n e c e s s a r y  t o  p ro d u ce  grow th  
The CDC #5044-59 s t r a i n  o f  S h ig e l l a  so n n e i was u se d  f o r  t h i s  
s e r i e s  o f  e x p e r im e n ts . C e l l s  w ere  o b ta in e d  from  a  2 4 -h o u r c u l tu r e  
and t r e a t e d  i n  th e  m anner d e s c r ib e d  p r e v io u s ly .  A f te r  o b ta in in g  a  
p r e p a r a t i o n  o f  c e l l s  w i th  an  o p t i c a l  d e n s i ty  o f  0 .2 2  ( s p e c t ro p h o to -  
m e t r ic  r e a d in g ) ,  s e r i a l  d i l u t i o n s  o f  c e l l s  w ere made t o  o b ta in  v a ry in g  
in o cu lu m  s i z e s .  These d i l u t i o n s  ran g ed  from  1 x  1 0 ^ c e l l s ,  w hich  was 
c la im e d  to  be e f f e c t i v e  i n  p ro d u c in g  c o n s i s t e n t  g row th  o f  S . f l e x n e r i
IS
( I S ) ,  t o  1  X 10^ c e l l s  ( i n  a  'volume o f  0*1 m l) .  F o r ty  tu b e s  w ere i n ­
o c u la te d  w ith  each  d i l u t i o n  and  t h e  tu b e s  w ere in c u b a te d  f o r  4 Ô h o u rs ;  
th e n  t h e  tu b e s  w ere r e a d  tu r b id i m e t r i c  a l l y  f o r  g ro w th . I n  a d d i t i o n ,  
s t u d i e s  w ere made to  d e te n n in e  th e  num ber o f  b a c t e r i a l  c e l l s  c o n ta in e d  
i n  v a r io u s  su s p e n s io n s  w ith  v a ry in g  O.D. r e a d in g s .  T h is  was done by  
su sp en d in g  t h e  c e l l s  and  d i l u t i n g  to  th e  d e s i r e d  o p t i c a l  d e n s i ty  and 
p l a t e  c o u n tin g ; t h i s  was r e p e a te d  on s e v e r a l  d i f f e r e n t  d a y s ,
(3 )  A ssay  o f  g row th  f a c t o r s  and a n t im e ta b o l i te s
The a g e n ts  t o  be  t e s t e d  ( i n  s o lu t io n )  w ere p re p a re d  a s  p r e -  
'w i.ously d e s c r ib e d .  The a s sa y s  o f  grow th  f a c t o r s  and m e ta b o lic  ana­
lo g u e s  w ere  c a r r i e d  o u t i n  th e  s y n th e t i c  medium. The t e s t s  w ere 
p e rfo rm ed  i n  d u p l i c a t e .  A d d i t io n a l  e x p e rim e n ts  w ere  p e rfo rm ed  on 
th o s e  compounds w hich  e x h ib i te d  m arked grow th s t im u la t in g  a c t i v i t y  
o r  m arked i n h i b i t i o n .  The in o c u la  f o r  th e s e  a s s a y  tu b e s  c o n s is te d  
o f  0 ,1  ml o f  th e  b a c t e r i a l  su s p e n s io n ; and 1 ml o f  t h e  t e s t  compound 
was a ls o  added  to  th e  t u b e s .  W henever a s p e c i f i c  grow th  f a c t o r  o r  
a n a lo g u e  was th o u g h t to  s u b s t i t u t e  f o r  a  c o n s t i t u e n t  o f  t h e  s y n th e t i c  
medium, th e  compound was t e s t e d  i n  a  medium la c k in g  i n  t h a t  p a r t i c u l a r  
component and  aüLso i n  th e  w hole s y n th e t i c  medium. C o n tro l tu b e s  
c o n ta in in g  o n ly  t h e  s y n th e t i c  medium and th e  s y n th e t i c  medium la c k in g  
i n  th e  c o n s t i t u e n t  u n d e r  s tu d y  w ere a l s o  in o c u la te d .  C o n tro l  tu b e s  
( c o n s i s t i n g  o f  th e  u s u a l  s y n th e t i c  medium) w ere s i m i l a r  t o  s to c k  
c u l t u r e s .  Growth re sp o n se  was m easured  t u r b i d i m e t r i c a l l y .  When a 
c o lo re d  compound was u s e d , th e  grow th re sp o n se  was m easured  by th e
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p l a t e  c o u n tin g  method*
(4 )  M easurem ent o f  m e ta b o lic  a c t i v i t y
C o n v e n tio n a l W arburg m anom etric  te c h n iq u e s  w ere u se d  ( 66 ) .  A 
shake r a t e  o f  105 s t r o k e s  p e r  m in was u s e d . Each e x p e rim e n t in c lu d e d  
a  th e rm o b a ro m e te r and an endogenous v e s s e l .  I n  some e x p e rim e n ts  
co m p a ra tiv e  a n a ly s i s  o f  CO2 p ro d u c t io n  by S . s o n n e i  a s  oompared to  
E . c o l i  was made; th e  s t r a i n  o f  E. c o l i  was o b ta in e d  from  th e  s to c k  
c u l t u r e s  o f  Montana S t a t e  U n iv e r s i ty ,  D epartm ent o f  M ic ro b io lo g y  and  
P u b l ic  H e a lth . M anom etric r e a c t i o n s  w ere fo llo w e d  f o r  a  2 -h o u r  p e r io d ,  
T e s t confounds w ere t ip p e d  i n  from  t h e  f l a s k  s id e a rm s a f t e r  30 m in u te s  
o f  endogenous r e s p i r a t i o n .  R eadings w ere made a t  15 m in u te  i n t e r v a l s . 
A l l  e x p e r im e n ts  w ere done i n  d u p l ic a te  e x c e p t th o s e  e x p e rim e n ts  
in v o lv in g  co m p a ra tiv e  COg e v o lu t io n ,  w hich w ere re p e a te d  5 t o  6 t im e s  
w ith  b o th  E . c o l i  and S . dprm ei.
CHAPTER 17 
RESULTS
( l )  Growth re s p o n se  s tu d ie s
I t  was found  t h a t  f o r  c o n tin u e d  s u b c u l tu r e  o f  S h ig e l la  so n n e i 
i n  a  s y n th e t i c  medium th e  s i z e  o f  inocu lum  was v e ry  im p o rta n t*  An 
inocu lum  c o n s i s t in g  o f  l e s s  th a n  1 t o  3 x  10^ b a c t e r i a l  c e l l s  r e ­
s u l t e d  i n  grow th i n  o n ly  65 to  75^ o f  t h e  tu b e s  ( i n  t h e  E r la n d so n -  
Mackey s y n th e t i c  m edium ). T ab le  I  i l l u s t r a t e s  th e  g row th  o f  th e  
b a c t e r i a  u s in g  v a r io u s  inocu lum  s i z e s .  The tu b e s  w hich  ap p ea red  
c l e a r  a t  t h e  end o f  h o u rs  o f  in c u b a t io n  and  r e g i s t e r i n g  an 
o p t i c a l  d e n s i ty  re a d in g  o f  0 to  0 .0 2  i n  th e  s p e c tro p h o to m e te r  w ere 
assum ed t o  c o n ta in  no v ia b le  c e l l s .  F u r th e r  p ro o f  o f  t h i s  was ob­
t a in e d  when a l i q u o t s  from  such tu b e s  w ere p la t e d  on n u t r i e n t  a g a r  
p l a t e s  w ith o u t th e  fo rm a tio n  o f  an y  c o lo n ie s  a f t e r  in c u b a t io n .
A minimum o f  3 to  5 x  IcA c e l l s  m ust be u se d  i n  o r d e r  to  a s s u re  
r e p ro d u c ib le  r e s u l t s  i n  e x p e rim e n ts  ( i n  o th e r  w ords grow th  o f  t h e  
b a c t e r i a  i n  100^ o f  th e  t u b e s ) .
A grow th  c u rv e  o f  S . so n n e i was o b ta in e d  ( f i g u r e  3) u s in g  an  
inocu lum  o f  3 t o  5 x  10^ c e l l s .  T h is  f i g u r e  shows t h a t  t h i s  in o cu ­
lum s i z e  p ro d u c e s  th e  maximum num bers o f  c e l l s  a t  2Ô to  34 h o u r s .
I t  i s  a l s o  o f  i n t e r e s t  t h a t  th e r e  i s  a  r e l a t i v e l y  s h o r t  l a g  p e r io d  
d u r in g  g row th  i n  th e  s y n t h e t i c  medium u s in g  t h e  GDC s t r a i n  o f  S . 
s o n n e i .  F ig u re  4 i l l u s t r a t e s  t h a t  g row th  i s  more r a p id  i n  n u t r i e n t  
b r o th ,  b u t  m ore t o t a l  g row th  o c c u rs  i n  th e  s y n th e t i c  medium. A f te r
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TABLE I
EFFECT OF INOCULUM SIZE ON THE GROWTH OF SHIGELLA SONNEI
Inoculum S ize  (Numbers o f C e lls )
4 .0  X 104 3 ,6  X 104 2 .0  x  104 1 .2  x  104 4 .0  x  10^
Average tra n sm itta n c e * H.% 12^ 16? 23? 66?
Average o p t ic a l  d en s ity * 0.950 0.920 0.800 0.640 0.440
P ercen t o f  p o s i t iv e  c u ltu re s  
( .0 2 5 -2 .0 0  0 . D.*»)
100.00 100.00 95.00 93.70 76.20
P e rcen t o f  p o s i t iv e  c u ltu re s  
( .0 9 5 - .2 1  0 . D .**)
1.25
P ercen t o f  p o s i t iv e  c u ltu re s
( .2 2 - .3 9  0 . D.**)
2 .50 3.25
P e rce n t o f p o s i t iv e  c u ltu re s  
( .4 0 - .6 8  0 . D.*»)
6.25 8.75
P e rcen t o f p o s i t iv e  c u ltu re s  
( .7 0 -2 .0 0  0 . D.**)
100.00 100.00 95.00 82.50 61.30
*  T his in d ic a te s  read ings taken  a f t e r  4B hours o f incubation*
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Growth Curve o f  S h ig e l l a  so n n e i i n  S y n th e t ic  M edia and N u t r ie n t  B ro th
I ,  Growth i n  n u t r i e n t  b r o th  
I I • Growth i n  s y n th e t ic  m edia
24
f o u r  days (120 h o u rs )  o f  in c u b a t io n  th e r e  w ere v i r t u a l l y  no v i a b l e  
o rg an ism s l e f t  i n  th e  s y n t h e t i c  medium; t h a t  i s ,  t h e r e  w ere i n s u f f i ­
c ie n t  c e l l s  t o  p roduce  new g row th  when t r a n s f e r r e d  t o  a  new tu b e .  
B a c te r ia l  c o u n ts  i n d ic a te d  t h a t  th e s e  tu b e s ,  a f t e r  4 d a y s , had  o n ly  
30  o rgan ism s p e r  m l. E ig h te e n  o th e r  s t r a i n s  o f  S . so n n e i w ere com­
p a re d  w ith  th e  GDC s t r a i n ,  i n  te rm s o f  g ro w th , and i t  was found  t h a t  
th e  m a jo r i ty  o f  th e s e  s t r a i n s  p ro d u ced  maximum grow th  a t  a p p ro x im ae ly  
24 h o u rs  a f t e r  i n o c u la t i o n .  T ab le  I I  shows t h e  r e l a t i o n s h i p  o f  th e  
19 s t r a i n s  i n  te rm s o f  tim e  n e c e s s a ry  to  p roduce  g ro w th . No s t r a i n  
p ro d u ced  maximum grow th  p r i o r  to  20 h o u rs  o f  in c u b a t io n .  The s t r a i n s  
o b ta in e d  from  D r. F in lsind  e x h ib i te d  th e  lo n g e s t  lo g a r i th m ic  p h a s e .
The B r i s t o l  s t r a i n  I I - 3  grew more s lo w ly  th a n  th e  o th e r  s t r a i n s  and 
re q u ire d  a  p e r io d  o f  42 h o u rs  f o r  maximum g row th .
( 2 ) Growth f a c t o r  re q u ire m e n ts  o f  S . so n n e i
T hiam in i s  p r e s e n t  i n  th e  E rlandson-M ackey  s y n th e t i c  medium i n  
a  c o n c e n tr a t io n  o f  330 meg p e r  m l. At c o n c e n tr a t io n s  a s  low a s  0 .3  
meg p e r  ml th e  GDC s t r a i n  o f  S . so n n e i was s t i l l  a b le  to  m a in ta in  
grow th  a t  a  l e v e l  n e a r ly  com parable to  t h a t  a t  330 meg p e r  m l.
Even i n  th e  a b se n c e  o f  th ia m in , good grow th r e s u l t e d  ( s e e  t a b l e  I I I ) .  
Of th e  e ig h te e n  o th e r  s t r a i n s  t e s t e d ,  a l l  s t r a i n s  e x c e p t o n e , th e  
B r i s t o l  s t r a i n ,  m a in ta in e d  g row th  a t  l e v e l s  e q u a l t o  t h a t  o f  t h e  GDG 
s t r a i n  i n  th e  ab sen ce  o f  th ia m in .
N ia c in  i s  p r e s e n t  i n  th e  s y n th e t i c  medium a t  a  c o n c e n tr a t io n  o f  
10 meg p e r  m l. The GDG s t r a i n  o f  S . so n n e i was a b le  to  grow a s  w e l l
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TABLE I I
TIME EEQUIEED FOR MAXIMUM GROWTH OF S . SONNEI (19  STRAINS)
Hours o f  
In c u b a t io n
P e r  c en t o f  t h e  s t r a i n s  
e x h ib i t in g  maximum grow th





TABLE I I I  
THIAMIN REQUIREMENTS OF S . SONNEI
C o n c e n tra tio n  o f  
th ia m in  i n  meg p e r  ml
0 .  D .* 
a f t e r  4Ô h o u rs
% T ra n s -
m it ta n c e
1000 0 .8 7 6 1 4 .6
330 0 .5 8 5 2 4 .6
33 0 .6 5 8 2 2 .4
3 0 .7 4 9 1 8 .2
0 .3 0 .6 9 6 2 1 .4
0 0 .6 1 1 2 4 .0
* 0 . D. was m easured  i n  a sp e c tro p h o to m e te r  w ith  a wave l e n g th  s e t t i n g
o f  575 mu.
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TABLE IV 
NAICIN EEQUIEMENT OF S . SONIŒI
C o n c e n tra tio n  o f  n i a c in  
i n  meg p e r  ml
0 .  D .* 
a f t e r  47 h r s
% T ran s­
m it ta n c e
1000 0 .8 9 5 1 2 .5
100 0 .9 8 5 1 1 .0
10 0 .9 7 0 1 1 .0
1 0 .8 5 0 1 4 .0
0 .1 0 .7 8 5 1 6 .5
0 .0 1 0 .1 9 0 6 4 .0
0 .0 0 1 0 .0 3 5 9 1 .5
0 0 1 0 0 .0
*  0 .  D* was m easured  i n  a  s p e c tro p h o to m e te r  w ith  a wave le n g th  s e t t i n g
o f  575 mu.
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i n  th e  p re s e n c e  o f  a  c o n c e n tr a t io n  o f  1 meg p e r  ml ( l / l O  o f  th e  
u s u a l  l e v e l )  o f  n i a c in .  As seen  i n  t a b l e  IV , grow th a ls o  o c c u rre d  
a t  a  n i a c in  c o n c e n tr a t io n  o f  o n ly  0 .0 1  meg p e r  ml (l/lO O O  o f  u s u a l  
c o n c e n t r a t io n ) ,  b u t  t h i s  g row th  was p o o r . A su rv e y  o f  th e  o th e r  
e ig h te e n  s t r a i n s  r e v e a le d  t h a t  s e v e r a l  s t r a i n s  w ere a p p a r e n t ly  
c a p a b le  o f  grow th i n  th e  ab sen ce  o f  n ia c in *  However, s u b c u l t iv a ­
t i o n  i n  th e  ab sen ce  o f  n i a c in  was n o t p o s s ib le  and  th e  c u l tu r e s  
w ere l o s t  a f t e r  t h e  second  t r a n s f e r .  One s t r a i n  (o b ta in e d  from  
M aryland) a t t a i n e d  h eav y  grow th i n  th e  ab sen ce  o f  n i a c in  and th e  
c u l t u r e  was s u c c e s s f u l ly  m a in ta in e d  i n  th e  a b sen ce  o f  n ia c in e  f o r  
4 t r a n s f e r s ,  a f t e r  w hich th e  c u l tu r e  c o u ld  n o t be c a r r i e d .  T h is 
s t r a i n  was a ls o  r e p o r te d  a s  b e in g  h ig h ly  r e s i s t a n t  to  u l t r a v i o l e t  
l i g h t  (59)«  S e v e ra l  s t r a i n s  showed a d i s t i n c t l y  d i f f e r e n t  re sp o n se  
t o  n i a c in .  Some s t r a i n s  w ere i n h i b i t e d  by c o n c e n tr a t io n s  o f  n i a c in  
o f  1000 meg p e r  m l. T h is  was t r u e  p a r t i c u l a r l y  o f  th e  B r i s t o l  and 
F in la n d  #6 s t r a i n s .  As s t a t e d  e a r l i e r ,  th e s e  s t r a i n s  showed p a r t i c u ­
l a r l y  long  lo g a r i th m ic  grow th p a s e s .  The c o n c e n tr a t io n  o f  n i a c in  
p ro d u c in g  maximal g row th  w ith  t h e  B r i s t o l  s t r a i n  was 1 meg p e r  ml; 
f o r  th e  F in la n d  s t r a i n  i t  was 0 .0 0 1  meg p e r  m l.
A s p a r t ic  a c id  was i n i t i a l l y  t e s t e d  i n  c o n c e n tr a t io n s  o f  1 ,0 0 0  
meg p e r  ml to  1 0 ,0 0 0  meg p e r  m l. A s p a r t ic  a c id  i s  p r e s e n t  i n  t h e  
s y n th e t ic  medium a t  a c o n c e n tr a t io n  o f  2^00 meg p e r  m l. W ith  an 
inocu lum  c o n ta in in g  sm a ll num bers o f  c e l l s  (a p p ro x im a te ly  l/lO O  o f  
th e  u s u a l  in o c u lu m ), th e  c o n c e n tr a t io n  o f  a s p a r t i c  a c id  needed  t o
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TABLE V
ASPARTIC ACID REQUIREMENT OF S . SONNEI
C o n c e n tra tio n  o f  a s p a r t i c  
a c id  i n  meg p e r  m l
0 .  b .*
a f t e r  4S h r s
% T ran s­
m it ta n c e
2500 0*935 1 2 .0
1000 0 .4 0 0 4 5 .0
620 0 .3 4 5 4 5 .5
310 0 .0 0 5 9 8 .5
155 0 1 0 0 .0
0 0 1 0 0 .0
*  0# D. was m easured  i n  a  sp e c tro p h o to m e te r  w ith  a  wave, le n g th  s e t t i n g  o f  
575 mu*
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s u p p o r t  g row th  was betw een  2000 and 3000 meg p e r  m l. As th e  s i z e  o f  
th e  I n o c u la  was In c re a s e d  l e s s  a s p a r t i c  a c id  was needed  to  o b ta in  
and m a in ta in  g ro w th . T ab le  V shows th e  re sp o n se  o f  S . so n n e i to  
v a r io u s  c o n c e n tr a t io n s  o f  a s p a r t i c  a c id  u s in g  l a r g e  i n o c u la .  I t  
can be se e n  t h a t  a s p a r t i c  a c id  i s  an e s s e n t i a l  component o f  th e  
s y n t h e t i c  medium. A ll  s t r a i n s  showed t h i s  req u ire m e n t f o r  a s p a r t i c  
a c i d .
M anom etric s tu d i e s  (oxygen  u p ta k e )  w ere p e rfo rm ed  w ith  S . 
so n n e i u s in g  v a r io u s  com ponents o f  th e  s y n th e t i c  medium to  d e te rm in e  
t h e i r  e f f e c t s  on th e  o x id a t io n  o f  th e  s u b s t r a t e  (g lu c o se )*  T h iam in , 
a s p a r t i c  a c id ,  and  n i a c in  w ere t e s t e d  and a s p a r t i c  a c id  p ro d u ced  th e  
g r e a t e s t  s t im u la t io n  on oxygen u p ta k e  ( f i g u r e  5)* I t  was somewhat 
s u r p r i s i n g  t h a t  n i a c i n ,  th e  p r e c u r s o r  o f  th e  coenzymes in v o lv e d  i n  
d e h y d ro g e n a tio n  r e a c t io n s ,  d id  n o t  show a g r e a t e r  in f lu e n c e  o v e r  th e  
r e s p i r a t i o n  o f  th e  o rg an ism . A f a c t o r  w hich m igh t e x p la in  t h i s  i s  
t h a t  th e  o b s e rv a t io n  tim e  was i n s u f f i c i e n t  t o  a llo w  f o r  th e  s y n th e s is  
o f  th e  coenzymes from  n i a c in .
(3 )  S tu d y  o f  n i a c in  p r e c u r s o r s
In te rm e d ia te s  o f  th e  p ro p o se d  pathw ays o f  n i c o t i n i c  a c id  b io ­
s y n th e s i s  (2 8 , 29 , 5Ô) w ere t e s t e d  f o r  t h e i r  a b i l i t y  to  su p p o r t 
g row th  o f  S . so n n e i. i n  th e  a b sen ce  o f  n i a c in .  The n i a c in  p r e c u r s o r s  
t e s t e d  w ere : D L -o m ith in e  h y d ro c h lo r id e , DL-hydroxy p r o l i n e ,  L -p ro -
l i n e ,  L - try p to p h a n , k y n e u re n in , k y n e u re n ic  a c id ,  a n d  h y d ro x y a n th ra n -  
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FIGURE 5
E f f e c t s  o f  Some Components o f  t h e  S y n th e t ic  Medium on th e
Oxygen U ptake o f  S h ig e l l a  so n n e i i n  th e  P re se n c e  o f  G lucose
1 . A s p a r t ic  a c id  
2* Thiam in 
3 .  N ia c in  
4* G lucose  c o n t r o l  
5» Endogenous c o n t r o l
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a c i d ,  6 -a m in o n ic o tin a m id e , and n ic o t in a m id e .  B ecause o f  th e  e v e n tu a l  
c o n v e rs io n  o f  n i a c in  i n to  coenzymes I  and I I ,  t h e s e  compounds w ere  
s tu d ie d  f o r  t h e i r  a b i l i t y  to  r e p la c e  n i a c in .  N e u tra l  r e d  was a ls o  
t e s t e d ;  t h i s  compound i s  s a id  to  have a  n u c le o s id a s e  i n h i b i t o r y  
a c t io n  ( 5 1 ) .
Two p r e c u r s o r s  o f  n i a c in  ( s e e  b io s y n th e t i c  pa thw ay  i n  f ig u r e  1) 
su p p o r te d  grow th o f  S . so n n e i i n  th e  ab sen ce  o f  n i a c in ;  th e y  w ere 
k y n e u re n ic  a c id  and 3 -b y d ro x y a n th a n il ic  a c id .  A c o n c e n tr a t io n  o f  
1000 meg p e r  ml was n e c e s s a ry  to  m a in ta in  grow th o f  t h e  b a c t e r i a .  
Growth was c o n s id e r a b ly  p o o re r  th a n  t h a t  o f  t h e  c o n t r o l  ( c o n ta in in g  
n i a c i n ) .  F o r  exam ple , i n  th e  p re s e n c e  o f  k y n e u re n ic  a c id  and 3 -  
h y d ro x y a n th r a n i l ic  a c id  maximum c o u n ts  o f  1 .5  x  10^ c e l l s  p e r  ml 
and 6 .0  X  10^ c e l l s  p e r  m l, r e s p e c t iv e ly ,  w ere o b ta in e d  a s  com­
p a re d  to  2 .5  X 10^ c e l l s  p e r  m l i n  th e  c o n t r o l s  c o n ta in in g  n i a c in .  
T ry p to p h an , a l s o  a  member o f  t h i s  m e ta b o lic  schem e, d id  n o t p roduce  
good g ro w th  o f  S . so n n e i i n  th e  ab sen ce  o f  n ia c in *  T h is i s  i l l u s ­
t r a t e d  i n  t a b l e  V I. Some o f  t h e  p r e c u r s o r s  o f  n i c o t i n i c  a c id  i n  
co m b in a tio n  a s  i l l u s t r a t e d  i n  f i g u r e  2 p ro d u ced  grow th  o f  S . so n n e i 
i n  th e  ab sen ce  o f  n i a c i n .  As can be se e n  i n  t a b l e  V I I ,  th e  grow th 
re sp o n se  i n  th e  p re s e n c e  o f  o r n i th i n e  and h y d ro x y p ro lin e  o r  p ro  l i n e  
a t  t h e  h ig h e r  c o n c e n tr a t io n s  was s im i l a r  t o  t h a t  o b ta in e d  i n  th e  
p re s e n c e  o f  n i a c in  i n  t h e  w hole s y n th e t i c  medium. R e la t i v e ly  l i t t l e  
g ro w th  ( o p t i c a l  d e n s i ty  o f  0 .2 )  was o b ta in e d  i n  th e  p re s e n c e  o f  
th e s e  t h r e e  compounds when t e s t e d  i n d iv i d u a l l y .
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TABLE VI
GROWTH OF S. SOMEI IN THE PRESENCE OF TRYPTOPHAN
O p t ic a l  D e n s i ty  M easurem ents a f t e r  4Ô h o u rs
C o n c e n tra t io n  o f  N ia c in  d e f i c i e n t  Whole s y n th e t ic
try p to p h a n  i n  meg p e r  m l s y n th e t i c  m edia  m edia
1 0 ,0 0 0 0 .6 9 0 .7 9
1 ,0 0 0 0 .2 8 0 .7 9
250 0 .4 1 0 .8 3
125 0 0 .8 5
0 0 0 .8 6
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TABLE V II
GROWTH OF S . SONNEI IN THE PRESENCE OF SEVERAL PRECURSORS OF NIACIN
C o n c e n tra t io n  i n  meg
O p t ic a l  D e n s ity  R ead in g s A f te r  kB h o u rs
O rn i th in e  /  O rn i th in e  /  
p r o l in e  hydroxy  p r o l in e
1000 0 .8 0 0 .8 7
100 0 .5 1 0 .1 2
10 0 .2 0 0 .1 2
0
Whole medium 












Growth a f  S h ig e lla  sonnei in  th e  Presence o f P y r id in e -3 -su lfo n ic  Acid
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S h ig e l l a  s o n n e i ,  w hich n o rm a lly  r e q u i r e s  n i a c i n ,  was grown i n  
th e  ab sen ce  o f  n i a c in  when th e  a n t im e ta b o l i t e ,  p y r id in e - 2 - s u l f o n ic  
a c id ,  was in c o r p o r a te d  in to  th e  medium. T h is compound d i f f e r s  from  
n i a c in  o n ly  i n  t h e  re p la c e m e n t o f  th e  c a rb o x y l r a d i c a l  by a  s u l f o n y l  
r a d i c a l .  F ig u re  6 shows th e  g row th  o b ta in e d  i n  th e  p re s e n c e  o f  i n ­
c r e a s in g  c o n c e n tr a t io n s  o f  p y r id in e - 3 - s u l f o n ic  a c id .  A c o n c e n tr a t io n  
o f  1000 meg p e r  m l o f  th e  a n a lo g u e  was needed  to  o b ta in  grow th  e q u iv ­
a l e n t  t o  t h a t  p ro v id e d  by  1 to  10 meg p e r  m l o f  n i a c in .  T hree 
s t r a i n s  o f  S . s o n n e i ,  F in la n d  # 6 , F loyd  B -2574 -2 , and t h e  s t r a i n  
from  Abrams, w ere a b le  t o  grow  i n  th e  a b sen ce  o f  n i a c in  when p y r id in e -  
3 - s u l f o n ic  a c id  was s u b s t i t u t e d  f o r  n i a c in  a t  c o n c e n tr a t io n s  o f  100 
meg p e r  m l. Growth was a s  good a s  t h a t  i n  th e  w hole s y n th e t i c  m ed ia . 
A l l  o th e r  s t r a i n s  resp o n d ed  t o  p y r id in e - 3 - s u l f o n ic  a c id  i n  a  f a s h io n  
s i m i l a r  to  th e  GDC s t r a i n .
F ig u re  7 shows t h e  e f f e c t s  o f  p y r id in e - 3 - s u l f o n ic  a c id  and  o f  
n i a c in  on th e  oxygen u p ta k e  by S . s o n n e i . These com parisons w ere 
made a f t e r  c o r r e c t io n s  w ere made f o r  t h e  oxygen u p ta k e  due to  
g lu c o s e  and due t o  th e  endogenous a c t i v i t y  o f  th e  o rg a n ism . T h is 
f i g u r e  shows t h a t  t h e r e  was a g r e a t e r  im m ediate  re sp o n se  i n  th e  up­
ta k e  o f  oxygen by S . so n n e i t o  th e  m e ta b o l i te  ana logue  th a n , t o  n i a c in .  
P y r id in e —3 - s u l f o n ic  a c id  (1000  meg p e r  m l) was a b le  to  s u b s t i t u t e  
f o r  n i a c in  and m a in ta in e d  t h e  o rg an ism  th ro u g h  c o n tin u o u s  s u b c u l tu r in g  
a s  i n d ic a t e d  by t a b l e  V I I I .  The a v e ra g e  o p t i c a l  d e n s i ty  re a d in g s  
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FIGURE 7
E f f e c t s  o f  P y r id in e - 3 - S u lf o n ic  A cid  and N ia c in
on Oxygen Uptake of Shigella sonnei
1* 1000 meg p y r id in e —3—s u l f o n ic  a c id
2 . 1000 meg n i a c in
3* 10 meg p y r id in e —3—s u l f o n ic  a c id
4« 10 meg n ia c in
3Ô
TABLE V in
GROWTH (SUBCULTIVATION) OF S. SONNEI IN THE 
PRESENCE OF PYRIDINE-3-SULPONIC ACID
O p t ic a l  D e n s ity  M easurem ents A f te r  IS h o u rs  
‘** 'D efident S y n th e t ic  C om plete S y n th e t ic
T ra n s f e r M edia Media
1 0 .8 5 1 .1 5
2 1 .1 0 0 .9 5
3 0 .8 5 1 .1 0
4 0 .9 0 1 .0 5
5 0 .9 3 0 .9 7
6 0 .9 7 0 .9 5
7 0 .9 7 1 .1 5
*  S y n th e t ic  medium c o n ta in in g  1000 meg p e r  ml o f  p y r id in e —3 - s u l f o n ­
i c  a c id  i n  p la c e  o f  n i a c i n .
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TABLE IX
GRCMTH RESPONSE OF S . SONNEI TO NIACIN AND PYRIDINE-3-SULF0NIC ACID
Time i n  h o u rs  
a f t e r  
in o c u la t io n
N ia c in  D e f ic ie n t  
S y n th e t ic  Medium 
C o n ta in in g  1000 
meg p e r  ml o f  
p y T id in e -3 -s u lfo n ic  a c id
Medium con­
t a i n i n g  1000 
meg p e r  m l 
o f  n ia c in *
Com plete
S y n th e t ic
Medium
8 0 .1 1 0 0 .0 4
16 0 .6 3 0 .0 2 0 .1 1
24 0 .9 4 0 .4 0 0 .8 5
32 0 .9 4 0 .8 0 1 .1 5
48 1 .2 3 0 .9 0 1 .1 5
60 1 .2 5 0 .9 3 1 .1 5
72 1 .2 5 0 .9 5 1 .1 5
*  T h is  medium c o n ta in e d  1000 meg o f  n i a c in  p e r  ml i n s t e a d  o f  10 
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FIGUEE 8
E f f e c t  o f  N ia c in  and N ico tin am id e  on Oxygen U ptake o f  S h ig e l l a  so n n e i
1 .  10 meg n ic o tin a m id e  p e r  m l.
2 . 1000 meg o f  n i a c in  p e r  ml*
3 . 10 meg o f  n i a c in  p e r  m l.
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TABLE X
COMPARATIVE GROWTH RESPONSE OF S . SONNEI TO NIACIN AND NICOTINAMIDE
C o n c e n tra t io n  
i n  meg p e r  ml
O p t ic a l  D e n s ity  M easurem ents 
a f t e r  4Ô h r s  o f  in c u b a tio n
N ia c in N ic o tin am id e
1000 0 .6 5 0 .6 8
100 0 .5 0 0 .7 5
10 0 .7 3 0 .8 0
1 0 .7 7 0 .7 3
0 .1 0 .7 9 0 .7 5
0 .0 5 0 .7 4 0 .5 6
0 .0 1 0 .8 4 0 .4 3
0 .0 0 5 0 .5 8 0 .1 2
0 .0 0 1 0 .1 1 0 .0 7
C o n tro l  (c o m p le te  mediiim) 0 .8 7
C o n tro l  ( n i a c in  d e f i c i e n t  medium) 0
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F ig u re  8 shows th e  e f f e c t  o f  n i a c in  and n ic o t in a m id e  on th e  
oxygen u p ta k e  o f  S* s o n n e i» Ten meg p e r  ml o f  n ic o tin a m id e  p ro d u ced  
e f f e c t s  com parab le  to  1000 meg p e r  ml o f  n i a c i n .  N ic o tin a m id e  i s  
th e  am ide o f  n i a c in ,  how ever, n ic o tin a m id e  i s  th e  n e x t m e ta b o l i te  
i n  th e  b io s y n th e s is  o f  coenzymes I  and I I ;  from  n i a c in .  As can be 
seen  i n  t a b l e  X, n i a c in  can b e  c o m p le te ly  s u b s t i t u t e d  by n ic o tin a m id e  
a t  th e  same c o n c e n t r a t io n .  T h is  would b e  e x p e c te d .
The m e ta b o lic  a n a lo g u e , 6 -a m in o n ic o tin a m id e , e x h ib i te d  no 
a n ta g o n i s t i c  a c t io n  a g a in s t  S . so n n e i i n  th e  p re s e n c e  o f  n i a c in .  
F u r th e rm o re , t h e  compound d id  n o t  s u b s t i t u t e  f o r  n i a c in .
N e u tra l  r e d ,  p o s tu la t e d  to  b e  a  n u c le o s id a s e  i n h i b i t o r  ( 5 1 ) ,  
was a b le  t o  s u b s t i t u t e  f o r  n i a c in  and i t  p rom oted  grow th  o f  t h e  
o rg an ism . T ab le  XI i n d i c a t e s  t h e  g row th  re s p o n se  o f  S . s o n n e i 
(CDC s t r a i n )  t o  t h i s  compound i n  th e  com plete  medium and i n  a medium 
d e f i c i e n t  i n  n i a c i n .  C o n c e n tra t io n s  o f  n e u t r a l  r e d  g r e a t e r  th a n  50 
meg p e r  ml w ere i n h i b i t o r y  to  th e  b a c t e r i a .
T ab le  X II shows t h a t  S . so n n e i i s  c a p a b le  o f  u s in g  th e  p r e ­
form ed coenzym es, coenzyme I  o r  d ip h o sp h o p y rid in e  n u c le o t id e  and  
C O  enzyme I I  o r  t r ip h o s p h o p y r id in e  n u c le o t id e  f o r  g row th  i n  th e  a b se n c e  
o f  n i a c i n .  F ig u re  9 shows th e  g row th  re sp o n se  o f  S . so n n e i a t  d i f ­
f e r e n t  c o n c e n tr a t io n s  o f  t h e  coenzym es. M anom etric s tu d i e s  i n d ic a t e d  
t h a t  t h e r e  was no d i f f e r e n c e  betw een th e  coenzymes and n i a c in  w ith  
r e s p e c t  t o  t h e i r  a b i l i t y  t o  in f lu e n c e  oxygen up take*
(4 )  S tu d ie s  o f  amino a c id s  a s  so u rc e s  o f  n i t r o g e n
T ab le  X I I I  shows t h e  grow th o f  S . so n n e i i n  t h e  p re s e n c e  o f
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TABLE XI
EFFECT OF NEUTRAL RED ON THE GROWTH OF S . SONNEI
C o n c e n tra t io n  o f  
n e u t r a l  r e d  i n  
meg p e r  m l
Number o f  c e l l s  
p e r  ml*
Number o f  c e l l s  
p e r  m l**
50 9 .0  X 10® 9 .0  X  10®
10 1 .1  X lo 9 7 .0  X 10®
5 9 .0  X 10® 6 .0  X 10®
1 1 .2  X 10? 5 .0  X  10®
0 1 .6  X 10^ 1 .0  X  10®
*  Number o f  c o lo n ie s  on p l a t e s  o b ta in e d  from  s y n th e t i c  m edia a f t e r  43 
h o u rs  o f  in c u b a t io n .
** Number o f  c o lo n ie s  on p l a t e s  o b ta in e d  from  s y n th e t i c  m edia d e f i c i e n t  
i n  n i a c in  a f t e r  43 h o u rs  in c u b a t io n .
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TABLE X II  
STUDIES WITH COENZYMES I  AND I I
Concent r a t  io n  
i n  meg p e r  ml
O p t ic a l  D e n s ity  M easurem ents 
A f te r  4S h o u rs
Coenzyme I Coenzyme I I
100 1 .7 5 0 .8 8
50 1 .4 0 0 .9 0
10 0 .7 7 0 .8 0
5 1 .5 0
1 1 .1 5
0 0 0









Growth o f S, sonnel in  th e  Presence o f Coenzymes I  and I I
TABLE XIII
GROWTH RESPONSE OF S. SONNEI TO AMINO ACIDS
Growth in  s y n th e tic  medium d e f ic ie n t  
in  th ia m in  and a s p a r t ic  a c id
Growth in  sy n th e tic  medium d e f ic ie n t  
in  a s p a r t ic  a c id
Amino Acid O p tic a l D ensity  Measurements Amino Acid O p tic a l D ensity  Measurements 
Assayed 48 h rs  96 h rs  Assayed 48 h rs  96 h rs
D L -aspartic  ac id 0.49 0.50 -L -asparag ine 0.63 0.63
L“glutam ine 0.49 0 .94 L-glutam ic a c id P. 80 P.74
L -asparag ine 0 .47 0 .77 D L -aspartic  ac id P. 20 P. 2 4
L“ glutam ic a c id 0 .07 0.16 L -g lyc ine 0.06 0.06
L -tryp tophan 0.02 0.03 L -tryp tophan 0.06 0.06
L ^arg in ine 0 0 L -arg in in e 0 .01 0.06
L -g ly c in e 0 0.09 L~glutamine 0.01 0 .02
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TABLE XIV
OXYGEN UPTAKE BY S . SONNEI IN THE PRESENCE OF AMINO ACIDS
uL o f  O2 consumed uL o f  O2 consumed
Amino a c id i n  th e  p re s e n c e i n  th e  p re s e n c e  o f
o f  ^ u c o s e * g lu c o se  and th ia m in
L -g lu ta m in e 311 .0 9 102 .95
L -g lu ta m ic  a c id 239 .92 5 9 .7 4
D L -a s p a r t ic  a c id 222 .62 116 .6 9
1 - g ly c in e 145 .7 7 8 .9 2
D L -o rn ith in e  hydro  c h lo r id e 1 0 0 .9 2 . 6 2 .8 1
L - a rg in in e 9 6 .5 4 51 .88
L -try p to p h a n 7 4 .5 4 20 .39
L -a s p a ra g in e 6 0 .6 0 119.53
These v a lu e s  r e p r e s e n t  m i c r o l i t e r s  o f  oxygen consumed i n  t h e  p re s e n c e  
o f  g lu c o s e ;  th e  volume o f  oxygen consumed i n  t h e  p re s e n c e  o f  g lu c o s e  
a lo n e  was s u b t r a c te d  from  th e  v a lu e s  o b ta in e d  i n  t h e  p re s e n c e  o f  g lu ­
co se  an d  t h e  amino a c i d s .
** These v a lu e s  r e p r e s e n t  m i c r o l i t e r s  o f  oxygen consumed i n  t h e  p re s e n c e  
o f  g lu c o s e  and th ia m in ;  th e  volume o f  oxygen consumed i n  th e  p re s e n c e  
o f  g lu c o se  and th ia m in  combined was s u b t r a c te d  from  t h e  v à lu e s  o b ta in e d  
i n  th e  p re s e n c e  o f  g lu c o s e , th ia m in , and th e  amino a c i d s .
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v a r io u s  amino a c i d s .  These amino a c id s  w ere  t e s t e d  i n  c o n c e n tr a t io n s  
o f  1000  meg p e r  ml i n  m edia n o t  c o n ta in in g  th ia m in  o r  a s p a r t i c  a c id .  
G lu tam in e , a s p a r a g in e ,  and a s p a r t i c  a c id  p ro d u ced  grow th  o f  t h e  bac­
t e r i a  i n  th e  a b sen c e  o f  th ia m in  and a s p a r t i c  a c id .  I n  t h e  p re s e n c e  
o f  th ia m in , b u t i n  th e  ab sen ce  o f  a s p a r t i c  a c i d ,  t h e  amino a c id s  
a s p a ra g in e ,  g lu ta m ic  a c i d ,  and a s p a r t i c  a c id  w ere a c t i v e  i n  p ro d u c in g  
grow th o f  th e  b a c t e r i a .  T here  i s  a p p a r e n t ly  an i n t e r a c t i o n  betw een 
th e  u t i l i z a t i o n  o f  t h e  p a r t i c u l a r  amino a c id  and  th e  v i ta m in  so u rc e  
p r e s e n t .  T ab le  XIV shows th e  e x te n t  o f  oxygen u p ta k e  by  S* so n n e i 
i n  th e  p re s e n c e  o f  th e  v a r io u s  amino a c id s  ( t o t a l  volume a t  t h e  end 
o f  a  2 h o u r p e r i o d ) .  T h is  t a b l e  shows t h e  d a ta  c o r r e c te d  f o r  t h e  
oxygen u p tak e  due to  g lu c o s e  and  to  endogenous a c t i v i t y .  T h is  was 
done by s u b t r a c t in g  th e  amount o f  oxygen u p ta k e  due to  g lu c o se  and 
to  endogenous a c t i v i t y  from  th e  v a lu e s  o b ta in e d  i n  t h e  p re s e n c e  o f  
th e  amino a c id s .
(5 )  S tu d ie s  w ith  a n t im e ta b o l i t e s
O xyth iam in  hydro c h lo r id e ,  an  a n a lo g u e  o f  th ia m in ,  was t e s t e d ;  
t h i s  compound d id  n o t  i n h i b i t  S . s o n n e i , C o carb o x y lase  was a ls o  
s tu d ie d  i n  t h i s  c o n n e c tio n  s in c e  i t  i s  one o f  th e  f i r s t  p ro d u c ts  i n  
th ia m in  m e ta b o lism . T able  XV l i s t s  t h e  grow th  o f  S , so n n e i i n  t h e  
p re s e n c e  o f  c o c a rb o x y la s e . S in c e  t h e  CDC s t r a i n  can  grow i n  th e  
a b se n c e  o f  th ia m in ,  c o c a rb o x y la se  d id  n o t a p p e a r  t o  in f lu e n c e  grow th  
o f  t h i s  o rg a n ism . As a m a t te r  o f  f a c t ,  a t  c e r t a i n  c o n c e n tr a t io n s ,  
i t  seem ed t o  p ro d u ce  v a ry in g  d e g re e s  o f  i n h i b i t i o n .
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TABLE X7
EFFECT OF COCARBOXYLASE ON GROWTH OF S . SONNEI
C o n c e n tra t io n  o f  
C o carb o x y lase  
i n  meg p e r  ml
O p t ic a l  D e n s i ty  M easurem ents 
A f te r  48 h o u rs
S y n th e t ic  M edia 
D e f ic ie n t  i n  Thiam in
Com plete 
S y n th e t ic  M edia
1000 0 .4 6 0 0 .0 5 0
500 0 .0 1 7 0 .8 5 0
100 0 0 .9 2 0
0 0 .9 4 0 0 .7 1 0
TABLE XVI
THE ACTIVITY OF SOME NEW ANTIMETABOLITES OF PYRIMIDINES ON THE GROWTH OF S. SONNEI
Analog
P e r cen t In h ib i t io n  
(a s  compared to  c o n tro l tu b es) 
1000 meg 100 meg
2 acetam ido-4”niethyl py rim id ine 97^ 50%
4-acety l-am ino^  2, 6-d im ethy l pyrim idine 6B$ 18%
2-amino pyrim id ine 25% 15%
2-amino th ia z o le * 15%
4=amino-2 , 6-d im ethy l pyrim idine * 6%
2-b u t ylaminopy rim id ine U,% 6%
2- d i  chlo ro ace t amidopy rim id ine 97% 0
2“ dichloroacetam idO “4“Siethyl pyrim idine 1&% 0
4° d i  chlo ro a c e t amido-dime th y l  pyrim idine 50% 0
4-d ich lo ro ace tam id o -2 , 6-d im ethy l pyrim idine « 10^
2-d ich lo roacetam ido  th ia z o le 92% 25%
2-p  ropionylam inopy rim id ine 1U% (>%
o
*  These c o n cen tra tio n s  o f  th e  compound produced a s l i g h t  s t im u la tio n  in s te a d  o f 
in h ib i t io n .
TABLE m i
THE ACTIVITY OF SOME PYRIMIDINES AND ANALOGS OF PYRIMIDINES ON S. SONNEI
Compound C oncen tra tion  in  meg p e r  ml 
I n h ib i t io n ,  p e r  cen t S tim u la tio n , p e r  cent 
1000 100 '  1000 100
U ra c il
6-A zau rac il
U ra c il-5 “ iso th o riu m ch lo rid e
5“H ydroxy~uracil
U ridine
U rid y lic  acid
U racil-5-carboxaunide
2 -T h io b a rb itu r ic  a c id































Compound C oncen tra tion  in  meg p e r  ml 
I n h ib i t io n ,  p e r  cen t S tim u la tio n , p e r  cen t 
1000 100 1000 100
C y tid y lic  a c id
5-Methyl cy to sin e
Iso  cy to s in e
U racil-5*hrom ouracil
2-Thio-4“Oxy-5-2, 4 -d ich lo ro  
phenoxy pyrim id ine
1“ o (,c< -D ichloroacetam ido-2- 













OXYGEN CONSUMPTION AND CARBON DIOXIDE PRODUCTION BÏ S. SONNEI AND E. COLI




uL o f oxygen 
, S . sonnei
consumed 
E. c o l i
uL o f carbon d io x id e  produt 
S . sonnei E. c o l i
0 0. 0 0 0
15 3U55 10.41 2^41 13^35
30 15.86 43.96 10.35 33.50
45 44.75 77.43 37.77 69.50
60 83.70 140.87 62.90 151.50
75 133.60 227.70 95.70 219.58
90 192.80 341.80 139.40 249.84
105 257.40 437.00 185.70 333.79
120 333.70 523.00 240.60 378.10
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T a b le  XVI l i s t s  t h e  v a r io u s  p y r im id in e  a n a lo g u e s  t e s t e d  and 
t h e i r  a c t i v i t y  on S . s o n n e i# N ine o f  t h e  compounds w ere  i n h i b i t o r y  
and t h r e e  w ere s t im u la to r y .  These a r e  a l l  new a n t im e ta b o l i t e s  syn­
th e s iz e d  by D r. S . J o n s so n . T ab le  XVII l i s t s  t h e  a c t i v i t i e s  o f  
o t h e r  m is c e lla n e o u s  compounds and a n t  im e ta b o l i t  es on S# s o n n e i .
Among th e  19 compounds t e s t e d ,  11 w ere i n h i b i t o r y  and B w ere 
s t im u la to r y .  1 -  cX-Di ch lo  ro a c e t  a in id o -2 -n itro m eth o x y b en zen e
was s t im u la to r y  i n  low c o n c e n tr a t io n s  and i n h i b i t o r y  i n  h ig h  con­
c e n t r a t i o n s .
(6 )  R e s p ir a to r y  a c t i v i t y  o f  S h ig e l l a  so n n e i
The d a ta  o b ta in e d  fro m  t h e  e x p e rim e n ts  on th e  r e s p i r a t o r y  a c ­
t i v i t y  o f  S* so n n e i i s  p re s e n te d  i n  t a b l e  X V III. The t a b l e  was p r e ­
p a re d  t o  i l l u s t r a t e  and compare t h e  r a t e  o f  oxygen u p ta k e  by  S . 
so n n e i a s  compared to  t h a t  o f  E s c h e r ic h ia  c o l i .  An o p t i c a l  d e n s i ty  
o f  1 .0 0 ,  u s in g  E . c o l i . r e p r e s e n t s  B x  10^ c e l l s  p e r  m l. An o p t i c a l  
d e n s i ty  o f  1 ,0 0  w ith  S . so n n e i c o n ta in s  a p p ro x im a te ly  4 x  10^ c e l l s  
p e r  m l. I t  can b e  seen  from  t a b l e  X V III and from  f i g u r e  10 t h a t  t h e  
r a t e  o f  CO2 p ro d u c tio n  by  E . c o l i  i s  g r e a t e r  th a n  t h a t  o f  S . so n n e i 
( a  d i f f e r e n c e  o f  a p p ro x im a te ly  100 m i c r o l i t e r s  a t  t h e  end o f  2 h o u r s ) .  
R e s p i r a to r y  q u o t ie n t s  w ere  c a l c u l a t e d  f o r  S . so n n e i and  E . c o l i s 
th e y  w ere 0 .7 3 0  and 1 .2 0  r e s p e c t iv e ly .  These q u o t ie n t s  i n d i c a t e  
t h a t  S . so n n e i i s  n o t c o m p le te ly  u t i l i z i n g  th e  d e x tro s e  e n e rg y  so u rc e  
and t h a t  some o th e r  fo rm  o f  en e rg y  i s  b e in g  u t i l i z e d ,  p resu m ab ly  










P ro d u c tio n  o f  C arbon D io x id e  by E s c h e r ic h ia  c o l i  and S h ig e l l a  s o n n e i
CHAPTER V
DISCUSSION AND CONCLUSIONS 
I t  h a s  been  foiand t h a t  t h e  grow th re sp o n se  o f  S h ig e l l a  so n n e i 
i n  s y n th e t i c  m edia i s  d ep en d en t to  a  l a r g e  e x te n t  on th e  s i z e  o f  t h e  
in o c u la .  T h is  d a ta ,  i n  c o n t r a s t  t o  th e  r e p o r t s  o f  e a r l i e r  w o rk e rs  
( 1 8 ) ,  i n d i c a t e s  t h a t  a t  l e a s t  300 t im e s  more c e l l s  a r e  n e c e s s a ry  
th a n  t h a t  r e p o r te d  by p re v io u s  w o rk e rs  to  o b ta in  r e p ro d u c ib le  grow th  
a t  t h e  end o f  48 h o u rs .  One p o s s ib le  e x p la n a t io n  f o r  t h i s  d i f f e r e n c e  
i s  a  d i f f e r e n c e  i n  th e  p h y s io lo g y  o f  th e  s t r a i n s  o f  S h ig e l l a  em ployed 
i n  th e  s t u d i e s .  I n  s y n th e t i c  m edia a  minimum o f  3 t o  $ x  104 c e l l s  
w ere n e c e s s a ry  to  p ro d u ce  g row th  i n  100# o f  t h e  t u b e s .  W ith  fe w e r 
c e l l s  i n  t h e  in o c u la  grow th  d id  o c c u r ,  b u t  some tu b e s  d i d  n o t  p ro ­
duce g ro w th . T his i n d i c a t e s  t h a t  a s  i n  a l l  o th e r  b a c t e r i a .  S h i g e l l a , 
t o o ,  h a s  a  minimum in o c u la  w h ich  i s  n e c e s s a ry  to  i n i t i a t e  g row th  
i n  f r e s h  c u l tu r e  m edia .
S tu d ie s  on th e  g row th  c u rv e  o f  S . s o n n e i in d ic a te d  t h a t  a  max­
imum p o p u la t io n  was o b ta in e d  a t  28 t o  34  h o u r s .  However, i n  some 
s t r a i n s  maximum grow th  was o b ta in e d  i n  72 h o u rs .  T h is  i n d i c a t e s  
t h a t  some s t r a i n s  have a  s lo w e r  grow th r a t e  th a n  o th e r  s t r a i n s ,  o r  
th e  s lo w e r grow ing s t r a i n s  p o s s e s se d  a  s lo w e r s y n th e s iz in g  a b i l i t y  
r e s u l t i n g  i n  p ro lo n g e d  g ro w th . The g row th  o f t h e  CDC s t r a i n  o f  S . 
so n n e i i n  th e  E rlan d so n -H ack ey  s y n th e t i c  medium was com parable t o  
t h a t  o b ta in e d  by E rla n d so n  and Mackey (1 8 ) u s in g  S . d v s e n te r i a e .
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I n  t h e  s y n t h e t i c  medium t h e r e  was a  lo n g e r  l a g  p e r io d  th a n  in  
n u t r i e n t  b r o th ;  t h i s  c o u ld  have  been  due to  t h e  t im e  n e c e s s a ry  t o  
s y n th e s iz e  co enzymes fro m  v i ta m in s  i n  th e  s y n th e t i c  medium w h ereas 
many o f  t h e s e  s u b s ta n c e s  a r e  a l r e a d y  p refo rm ed  i n  n u t r i e n t  b r o th .  
F u r th e rm o re , i n  t h e  s y n th e t i c  medium a lo n g e r  p e r io d  o f  a c t i v e  
grow th  o c c u rre d  w ith  more t o t a l  grow th th a n  in  n u t r i e n t  b r o th .
Growth i n  th e  s y n th e t i c  medium, how ever, d e c l in e d  r a p i d l y  and a f t e r  
120 h o u rs  v e ry  few v ia b le  c e l l s  rem ained . On t h e  o th e r  h an d , g row th  
i n  th e  n u t r i e n t  b ro th  c o n tin u e d  s lo w ly  beyond 96 h o u rs  and th e  d e a th  
cu rve  was n o t  a p p a r e n t .  T h is m ight have  been  d u e  to  t h e  b u f f e r in g  
e f f e c t  o f  t h e  n u t r i e n t  b r o th  w hich  red u ced  t h e  t o x i c i t y  due t o  t h e  
a c id s  and o th e r  b y -p ro d u c ts  form ed d u r in g  a c t iv e  g row th .
S h ig e l l a  s p e c ie s  have been  n o te d  f o r  t h e i r  g ro w th  f a c t o r  r e ­
q u ire m e n ts , n o ta b ly  th ia m in ,  a s p a r t i c  a c id ,  and n i c o t i n i c  a c id .  I n  
th e  p r e s e n t  s tu d y , th e  E rlandson-M ackey  s y n th e t ic  medium c o n ta in e d  
330 meg o f  th ia m in  p e r  m l. However, some s t r a i n s  o f  S , s o n n e i grew  
w e l l  i n  th e  p re se n c e  o f  o n ly  0 ,3  meg o f  th ia m in  p e r  m l. I t  was 
found  t h a t  18 o u t o f  th e  19 s t r a i n s  o f  S . so n n e i t e s t e d  can grow i n  
t h e  co m p le te  a b sen ce  o f  th ia m in . T h is  i n d ic a t e s  t h a t  t h e  r e q u i r e ­
ment f o r  th ia m in  i s  h ig h ly  v a r i a b l e .
B a c te r ia  c o n v e r t  th ia m in  t o  th ia m in  p y ro p h o sp h a te  ( c o c a rb o x y la s e )  
w hich i s  a  coenzyme in v o lv e d  i n  d e c a rb o x y la tio n  r e a c t i o n s .  Some 
p o s s ib l e  e x p la n a t io n s  f o r  th e  f a c t  t h a t  S , so n n e i d id  n o t r e q u i r e  
th ia m in  ( o r  h a s  o n ly  a  m in im al re q u ire m e n t f o r  t h i s  v i ta m in )  a res
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( a )  a  sm a ll  amount o f  k o to  a c id s  a r e  formed^ t h e r e f o r e  th e  need  f o r  
C O carboxylase i s  red u c ed ; (b )  no k e to  a c id s  a r e  p ro d u ced  d u r in g  m et­
a b o lism  th u s  e l im in a t in g  th e  need  f o r  co  c a rb o x y la s e ;  ( c )  co enzymes 
o th e r  th a n  co c a rb o x y la se  p e rfo rm  d e c a rb o x y la t io n  r e a c t io n s ;  and  (d )  
th ia m in  i s  s y n th e s iz e d  by t h i s  o rg an ism .
so n n e i r e q u i r e s  n i c o t i n i c  a c id  ( n i a c i n ) .  T h is  su b s ta n c e  i s  
p r e s e n t  i n  th e  s y n t h e t i c  medium (10  meg p e r  m l) .  The CDC s t r a i n  
grew w e l l  i n  th e  p re s e n c e  o f  1 meg p e r  m l. L im ite d  g row th  o c c u r re d  
i n  th e  p re s e n c e  o f  0 .0 1  mCg p e r  m l. However, i t  was c l e a r  t h a t  n ic ­
o t i n i c  a c id  was d e f i n i t e l y  r e q u ir e d  f o r  th e  g row th  o f  t h i s  o rg an ism .
On th e  o th e r  hand , when 19 s t r a i n s  w ere s tu d i e d ,  s e v e r a l  s t r a i n s  
co u ld  be m a in ta in e d  f o r  a  l im i t e d  p e r io d  o f  t im e  i n  th e  ab sen ce  o f  
n i a c in .  The i n a b i l i t y  t o  c a r r y  th e s e  c u l tu r e s  i n d e f i n i t e l y  i n d ic a t e d  
t h a t  grow th  may have b een  due t o  c a r ry o v e r  o f  s m a ll  am ounts o f  
n ia c in  d u r in g  t r a n s f e r .  High c o n c e n tr a t io n s  o f  n i a c in  w ere i n h i b i t o r y  
to  some s t r a i n s  o f  S . s o n n e i . The p r e s e n t  o b s e rv a t io n s  c o n firm  th e  
work o f  p re v io u s  w o rk e rs  on t h e  im p o rtan c e  o f  n i a c in  i n  th e  n u t r i t i o n  
o f  S . s o n n e i . Johnson  (3 1 a ) ,  on th e  o th e r  hand f e l t  t h a t  th e  r o l e  
o f  n ic to in a m id e  i n  S h ig e l l a  was one o f  a c t in g  a s  a c h e la t in g  a g e n t 
t i e i n g  up i n h i b i t o r y  m e ta ls  r a t h e r  th a n  a s  a grow th f a c t o r .
A s p a r t ic  a c id ,  a n o th e r  grow th f a c t o r  f o r  S h i g e l l a , i s  p r e s e n t  
i n  th e  s y n t h e t i c  medium i n  a  c o n c e n tr a t io n  o f  2500 meg p e r  m l. 
A p p ro x im ate ly  2000 to  3000 meg o f  a s p a r t i c  a c id  p e r  ml was n e c e s s a ry  
f o r  g row th  when t h e  in o c u la  w ere sm a ll  ( l/lO O  th e  u s u a l  in o c u lu m ).
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As th e  s i z e  o f  th e  In o c u la  was in c r e a s e d  l e s s  a s p a r t i c  a c id  was re<- 
q u ire d  to  i n i t i a t e  c u l t u r e s .  No a d e q u a te  e x p la n a t io n  i s  a v a i l a b l e  
f o r  t h i s  o b s e r v a t io n .  S tu d ie s  w ith  19 s t r a i n s  o f  Sj, s o n n e i  in d ic a t e d  
t h a t  a s p a r t i c  a c id  was an  e s s e n t i a l  component o f  th e  s y n th e t i c  medium.
A s p a r t ic  a c id  may be m e ta b o liz e d  i n  a  num ber o f  w ays. F o r  
exam ple. Q u a s te l  and W oolf (6 0 , 70) r e p o r te d  on th e  a s p a r t a s e  r e a c t i o n  
which was a t ra n s a m in a s e  sy stem  as  fo llo w s :
HOOCCHgCHNHgCOOH ^  HOOCCH-CHCOOH /  NH3
1 - a s p a r t i c  a c id  fu m a ric  a c id
T his sy stem  h a s  b e en  shown t o  b e  p r e s e n t  i n  many b a c t e r i a  ( 8 ) ,  An 
o b s e rv a t io n  was made t h a t  n u t r i e n t  s o lu t io n s  c o n ta in in g  ^ u c o s e  p r e ­
v e n t th e  fo rm a tio n  o f  a s p a r t a s e  (23 )*  L ic h s to in  and Cohen (4 6 ) 
found  tra n s a m in a s e s  i n  S h i g e l l a , R e c e n tly , Sen (6 4 ) r e p o r te d  on th e  
fo llo w in g  t r a n s a m in a t io n  r e a c t io n s  o f  8 . s o n n e i:
(1 )  g lu ta m ic  a c id  /  o x a la c e t i c  a c id  , ,.Un a s p a r t i c  a c id  /  k e to g l u t a r a t e
(2 )  g lu ta m ic  a c id  /  sodium  p y ru v a te  ^ a l a n i n e  /  k e to g l u t a r a t e
(3 )  g lu ta m ic  a c id  /  sodium phenyl p y ru v a te  ^ ^  p h e n y l a la n in e  /  k e to g l u t a r a t e  
Gubarev (2 5 ) r e p o r te d  t h a t  S , so n n e i p o s s e s s e s  g lu ta m ic  d e c a rb o x y la s e .
A nother r o l e  o f  a s p a r t i c  a c id  i s  i t s  f u n c t io n  a s  a  p r e c u r s o r  i n  th e  b io ­
s y n th e t ic  pa thw ay  f o r  th e  s y n th e s i s  o f  p y r im id in e s .  Of c o u rs e ,  a s p a r t i c
a c id  i s  im p o r ta n t  a s  a  s o u rc e  o f  am ino a c id  i n  t h e  s y n th e s i s  o f  p r o t e i n s .
The ammonia may be u t i l i z e d  i n  th e  b io s y n th e s is  o f  p u r in e  r i n g s .
The e f f e c t  o f  a s p a r t i c  a c id ,  th ia m in ,  and  n i a c in  on th e  oxygen u p ta k e  
a c t i v i t y  o f  8 ,  so n n e i  was s tu d ie d .  The s u b s t r a t e  (e n e rg y  so u rc e )  was
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g lucoso*  A s p a r t ic  a d d  cau sed  a  g r e a t  s t im u la t io n  on th e  oxygen 
u p ta k e ; n a i c i n ,  a p r e c u r o s r  o f  t h e  coenzymes in v o lv e d  i n  dehydro­
g e n a t io n  r e a c t i o n s ,  d id  n o t p ro d u ce  a  s i g n i f i c a n t  e f f e c t  on oxygen 
u p ta k e .  Dorfm an, K o se r, and  S au n d ers  (10 ) fo u n d  t h a t  n ic o tin a m id e  
s t im u la te d  th e  oxygen u p ta k e  o f  t h e  d y s e n te ry  b a c i l l i .  The m anner 
i n  w hich n i a c in  m ig h t s t im u la te  oxygen u p ta k e  i s  i n  th e  form  o f  
co enzyme I  o r  I I ,  hydrogen  a c c e p to r s ;  how ever, th e  m anom etric  
m easurem ents may n o t  have  been  c a r r ie d  o v e r  a  s u f f i c i e n t  p e r io d  
o f  t im e  t o  a llo w  f o r  th e  s y n th e s is  o f  th e  coenzymes from  n i a c in .  
T h is  c o u ld  acco u n t f o r  th e  la c k  o f  s t im u la t io n  o f  r e s p i r a t i o n  by  
n i a c in .
S in c e  n ia c in  was shown t o  be  an e s s e n t i a l  g row th  f a c t o r ,  t h e  
n e x t s te p  was to  d e te rm in e  i t s  r e l a t i o n s h i p  w ith  p r e c u r s o r s  o f  
n i a c in .  S e v e ra l  pa thw ays have b een  p o s tu la te d  f o r  t h e  b io s y n th e s is  
o f  n i a c in  (2 8 , 2 9 , 5 8 ) .  A ccord ing  t o  one c o n ce p t n i a c in  i s  p ro ­
duced from  try p to p h a n , fo rm y lk y n u re n in e , 3 -h y d ro x y k y n u ren in e , 3 -  
h y d ro x y a n th r a n i l ic  a c id ,  and  q u in o l in ic  a c id  b e in g  in te r m e d ia te s .  
K ynuren ic  a c id  and 3 - h y d r o x y a n th r a n i l ic  a c id  su p p o r te d  grow th i n  
th e  a b sen c e  o f  n i a c in .  However, more o f  th e s e  a g e n ts  was n e c e s s a ry  
t o  p ro d u ce  g row th  in  com parison  w ith  th e  r e q u ir o n e n ts  f o r  n i a c in .  
From t h i s  d a ta  i t  can n o t be d e te rm in e d  w h e th e r  o r  n o t  S . s o n n e i 
u t i l i z e s  t h i s  t r y p to p h a n - n ia c in  b io s y n th e t i c  pa thw ay; i t  a p p e a rs  
u n l ik e l y  t h a t  t h i s  pathw ay e x i s t s  i n  th e  o rg an ism  because  o f  t h e  
r e l a t i v e l y  p o o r  g row th  i n  th e  p re s e n c e  o f  k y n u ren ic  a c id  and  3 -
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h y d r o x y a n th r a n i l ic  a c id  and a l s o  b e ca u se  o f  th e  a b se n c e  o f  grow th  
i n  t h e  p re s e n c e  o f  th e  o t h e r  in te r m e d ia te s .
A n o th e r p ro p o sed  pathw ay  f o r  th e  s y n th e s i s  o f  n i a c in  i s  t h a t  
p ro p o se d  by Guggenheim u s in g  o r n i th in e  a s  th e  s t a r t i n g  m a t e r i a l ,  
w ith  p r o l i n e ,  g u v a c in , and o th e r  compounds a s  in te rm e d ia te s *  S . 
so n n e i grew e x c e l l e n t l y  i n  th e  p re s e n c e  o f  o r n i th in e  and h y d ro x y - 
p r o l in e  ( o r  p r o l i n e ) i n  t h e  a b sen ce  o f  n i a c i n .  I t  seems t h a t  
th e s e  co m b in a tio n s  s u b s t i t u t e d  f o r  n i a c i n .  W hether t h i s  i s  an  
i n d ic a t i o n  t h a t  th e s e  compounds a c te d  a s  p r e c u r s o r s  o f  n i a c in  ( i n  
o th e r  w o rd s , w ere  c o n v e rte d  t o  n i a c i n ) ,  o r  n o t ,  i t  i s  d i f f i c u l t  
t o  sa y  a t  t h i s  s ta g e  o f  th e  i n v e s t i g a t i o n .  I t  i s  c o n c e iv a b le  t h a t  
o r n i th in e  and  h y d ro x y p ro lin e  ( o r  p r o l in e )  i n  some way com bine to  
form  n i c o t i n i c  a c id  by means o th e r  th a n  th e  en zy m atic  p a th w ay s .
F o r exam ple i t  h as  been  shown t h a t  g lu ta m ic  a c id ,  w hich w as found  
i n  t h i s  s tu d y  to  be a  good s u b s t i t u t e  f o r  a s p a r t i c  a c i d ,  can  be 
c o n v e r te d  to  p ro  l i n e  ( 1 6 ) .  F u r th e rm o re , Bo va  m i  ck {k» 2 , 6 ) found  
t h a t  a  m ix tu re  o f  g lu ta m ic  a d d  and g lu ta m in e  ( o r  a s p a ra g in e )  p ro ­
duced n ic to in a m id e  when h e a te d  i n  th e  p re s e n c e  o f  m anganese and 
i r o n .  The o b s e rv a t io n  t h a t  S . so n n e i c an  u se  o r n i th i n e  and  p r o l in e  
a s  a  s u b s t i t u t e  f o r  n i a c in  le a d s  w e ig h t t o  Jo h n so n ’ s o b s e rv a t io n  
re g a rd in g  a  s t r a i n  o f  S h ig e l l a  w hich r e q u i r e d  p r o l in e  ( 3 2 ) .
A s tu d y  o f  p y i i  d i n e - 3 - s u l f  o n ic  a c i d ,  an  a n t i  m e ta b o l i te  o f  
n i c o t i n i c  a c i d ,  p ro d u ced  i n t e r e s t i n g  r e s u l t s .  I n s te a d  o f  in h ib ­
i t i n g  S . so n n e i a s  i t  d id  o th e r  n i c o t i n i c  a c id  r e q u i r in g  b a c t e r i a
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(47)>  t h i s  oompound s t im u la te d  S* sonne i and  even  s u b s t i t u t e d  f o r  
th e  n i a c i n .  However, much more o f  t h i s  compound was needed  t o  
p ro d u ce  g ro w th  com parab le  to  t h a t  p ro d u ced  by m in u te  am ounts o f  
n i c o t i n i c  a c id .  I n  a d d i t i o n ,  S , so n n e i c o u ld  be  m a in ta in e d  i n ­
d e f i n i t e l y  on s u b c u l tu r e  i n  m edia c o n ta in in g  p y r id in e - 3 - s u l f o n ic  
a c id  i n  p la c e  o f  n i c o t i n i c  a c id .  Two e x p la n a t io n s  may be o f f e r e d  
f o r  th e  a c t i v i t y  o f  p y r id in e - 3 - s u l f o n ic  a c id s  (1 )  p y r id in e - 3 -  
s u l f o n ic  a c id  i s  in c o r p o ra te d  in to  th e  coenzymes w ith o u t  m a t e r i a l l y  
a f f e c t i n g  th e  a c t i v i t y  o f  th e  coenzym es; (2 )  t h e  p y r id in e —3 - s u l f o n ic  
a c id  i s  f i r s t  d e - s u i f o n a te d  and s u b s e q u e n tly  c a rb o x y la te d ,  p ro d u c in g  
n i c o t i n i c  a c id ,  w hich  can  th e n  c a r r y  o u t  i t s  norm al f u n c t io n  i n  
th e  c e l l  m e tab o lism .
N ico tin am id e  s u b s t i t u t e d  f o r  n i a c in  i n  t h i s  s tu d y .  T h is 
was n o t s u r p r i s in g  s in c e  n i c o t i n i c  a c id  i s  f i r s t  c o n v e r te d  t o  
n ic o tin a m id e  b e fo re  b e in g  c o n v e r te d  t o  t h e  coenzym es. N ic o tin a m id e  
was t e n  t im e s  more a c t i v e  th a n  n i a c in  ( i n  o th e r  w ords l / l O  th e  
amount o f  n ic o tin a m id e  p ro d u ced  e f f e c t s  c o n p a ra b le  t o  t h a t  o f  
n i a c i n ) ,  K o ser e t  (4 3 ) a l s o  found  t h a t  n ic o tin a m id e  was 10 
t im e s  more a c t i v e  th a n  n i a c in  i n  th e  d y s e n te ry  b a c i l l u s .
Coenzymes I  and  I I  s u b s t i t u t e d  f o r  n i a c in  i n  th e  s y n th e t i c  
medium. T h is was n o t s u r p r i s i n g  s in c e  th e s e  coenzym es a r e  t h e  en d - 
p ro d u c ts  o f  n i a c i n  a n a b o lism . I t  was p r e v io u s ly  r e p o r te d  t h a t  
C O  enzymes I  and  I I  e x h ib i te d  an  a c t i v i t y  w hich was $ 0 ^  and 3 0 # ,  
r e s p e c t i v e l y ,  t h a t  o f  t h e  a c t i v i t y  o f  n ic o tin a m id e  (1 2 , 1 3 )•  On
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t h e  o th e r  hand , i n  o u r  s t u d i e s ,  coenzyme I  was 2 .5  t im e s  m ore a c t iv e  
th a n  n i a c in  and  2 t im e s  more a c t i v e  th an  n ic o t in a m id e  a t  c o n c e n tra ­
t i o n s  o f  100 meg p e r  m l. When th e  c o n c e n tr a t io n  o f  co enzymes I ,  
x ^ a c ip ,  and  n ic o t in a m id e  was re d u c e d  to  10 meg p e r  m l, th e  g row th  
was e q u a l  i n  th e  p re s e n c e  o f  e a c h  o f  th e  t h r e e  compounds. Co­
enzyme IX showed an  a c t i v i t y  1 .5  tim e s  g r e a t e r  th a n  t h a t  o f  n i a c i n  
and 1 .3  t im e s  g r e a t e r  th a n  t h a t  o f  n ic o t in a m id e  a t  a  c o n c e n tr a t io n  
o f  100 meg p e r  m l. At lo w e r c o n c e n tr a t io n s  co enzyme I I  behaved  
s im i l a r  to  co enzyme I  a t  low  c o n c e n tr a t io n s .  At t h e  h ig h e s t  con­
c e n t r a t i o n s ,  th e  a c t i v i t y  o f  co enzyme I  was tw ic e  t h a t  o f  coenzyme 
I I  s u g g e s t in g  t h a t  t h e  o rg an ism  may have a  g r e a t e r  need  f o r  d ip h o s -  
p h o p y r id in o n u c le o t id e  o r  t h a t  th e  t im e  n e c e s s a ry  to  c o n v e r t  coenzyme 
I  t o  coenzyme I I  i s  a  f a c t o r  i n  th e  o b se rv e d  a c t i v i t y  o f  co enzyme
I I .  S in c e  h y d r o ly s is  o f  th e  coenzymes in c r e a s e d  t h e i r  a c t i v i t y ,  
i t  h as  b een  f e l t  by some w o rk e rs  (1 3 ) t h a t  th e  f u n c t io n  o f  n i c o t i n ­
am ide and  o r  n i c o t i n i c  a c id  i s  n o t  b a sed  e n t i r e l y  on t h e i r  b e in g  
s y n th e s iz e d  to  e i t h e r  o f  th e  known coenzym es. S in c e  th e  coenzymes 
may r e p la c e  n i a c in  and  p ro d u ce  a  g r e a t e r  re sp o n se  th a n  t h a t  o f  
n ia c in  ( i n  p a r t i c u l a r  to  co enzyme I ) ,  i t  may be p o s tu la t e d  t h a t  
i n  S . s o n n e i: ( l )  n i a c in  i s  u sed  f o r  th e  s y n th e s is  o f  d ip h o sp h o - 
p y r id in e n u c le o t id e ,  and t h a t  (2 )  th e  g r e a t e r  p o r t io n  o f  th e  n i a c in  
m o lecu le  i s  u se d  f o r  th e  s y n th e s i s  o f  d ip h o s p h o p y r id in e n u c le o t id e .
N e u tr a l  r e d  was s t im u la to r y  to  S . s o n n e i and  s u b s t i t u t e d  f o r  
n i a c i n .  T h is  co n firm s th e  o b s e r v a t io n  o f  Mizuno (5 1 ) who o b se rv ed
t h i s  phenomenon e a r l i e r *  Mizuno th o u g h t t h a t  th e  n e u t r a l  r e d  a c te d  
a s  a n u c le o s id a s e  i n h i b i t o r .
A w hole s e r i e s  o f  p y r im id in e  a n a lo g s  was s tu d ie d .  The a n a lo g s  
c o n ta in in g  t h e  d ic h lo ro a c e ta m id o  s id e  c h a in  were m ost a c t i v e  i n  
i n h i b i t i n g  S . s o n n e i . These compounds w ere a l s o  found  t o  be in h ib ­
i t o r y  t o  th e  p ro to z o a n . Entamoeba h i s t o l y t i c a  (53^ 55)# The 
c o n cep t i s  t h a t  th e s e  a n a lo g s  i n h ib i t e d  th e  s y n th e s is  o f  n u c le o s id e s ,  
n u c le o t id e s ,  o r  n u c le ic  a c id s  o f  th e  S h i g e l l a .
U r a c i l  was s t im u la to r y  f o r  S . s o n n e i . E a r l i e r ,  t h e r e  was a  
r e p o r t  r e g a rd in g  a  s t r a i n  o f  S h ig e l l a  w hich  r e q u i r e d  u r a c i l  ( 29 ) .
I n  t h e  p r e s e n t  s tu d y  S . so n n e i was i n h i b i t e d  by 6 - a z a u r a c i l  and 
5 -h y d ro x y u ra c il .  T hese compounds w ere  a ls o  i n h i b i t o r y  t o  o th e r  
e n te ro p a th o g e n s  (5 4 , 55 , 57)* I t  a p p e a rs  t h a t  u r a c i l  m etab o lism  
i s  im p o r ta n t  t o  S . s o n n e i . F u r th e r  s t u d i e s  on th e  m e tab o lism  o f  
n u c le ic  a c id s  a re  i n d ic a t e d  to  d e te rm in e  th e  e x a c t r o l e  o f  p u r in e s  
and p y rim id in e  s i n  th e  p h y s io lo g y  o f  th e  S h i g e l l a .
CHAPTER VI 
SUMMARY
1* The s i z e  o f  t h e  in o c u la  n e c e s s a r y  to  o b ta in  r e p r o d u c ib le  r e s u l t s  
and g row th  i n  th e  s tu d ie s  w ith  S h ig e l l a  so n n e i was d e ten n in ed o
2 . Growth c u rv e s  o f  S . so n n e i i n  s y n t h e t i c  m edia and i n  n u t r i e n t  
b ro th  w ere  d e te rm in e d .
3 .  The g row th  f a c t o r  re q u ire m e n ts  o f  S . so n n e i ( i n  19 s t r a i n s )  
w ere s tu d ie d .  N ia c in  and a s p a r t i c  a d d  w ere e s s e n t i a l  grow th  
f a c t o r s  b u t many s t r a i n s  w ere a b le  to  grow i n  t h e  a b se n c e  o f  
th ia m in .
4* P y r id in e —3 - s u l f o  n i  c a c id ,  am a n t i  m e ta b o l i te  o f  n i a c i n ,  s t im u la te d  
grow th o f  S . so n n e i amd s u b s t i t u t e d  f o r  n i a c in  i n  s y n th e t i c  m ed ia .
5. Growth o f  S . so n n e i i n  th e  p re s e n c e  o f  coenzyme I ,  coenzyme IX , 
neutrauL r e d ,  and c o c a rb o x y la se  was s tu d ie d .
6 . P r e c u r s o r s  o f  n i a c in  w ere s tu d ie d ;  i t  was fo u n d  t h a t  k y n u re n in e  
and 3 -h y d r o x y a n th r a n i l ic  a c id  c o u ld  s u b s t i t u t e  f o r  n i a c in .
7* A s tu d y  was made o f  t h e  n i t r o g e n  so u rc e  i n  t h e  g row th  o f  S . s o n n e i ; 
s e v e r a l  amino a c id s  w ere  a c t iv e  when u sed  a s  th e  s o le  so u rc e  o f  
n i t r o g e n .
8 . A s tu d y  was made on th e  e f f e c t s  o f  v a r io u s  p y r im id in e s  and p y r im id in e  
a n a lo g s  on th e  grow th  o f  S . s o n n e i .
9 . R e s p i r a to r y  a c t i v i t y  o f  S . so n n e i was s tu d ie d  em ploying  m anom etric  
t e e n i e s .
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B ir th p la c e  g S h e r id a n , V^oming B ir th d a te s
C it iz e n s h ip s  U@ So A© A ncestryg
H eigh ts 5» 7" W eights
M a r i ta l  S ta tu s *  S in g le
Perm anent A ddress? Box 1 1 , G arryow en, M ontana
March 1 8 , 1937 
German 
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E d u c a tio n s
V a lp a ra is o  U n iv e r s i ty ,  V a lp a ra is o n ,  In d ia n a
M ontana S ta te  U n iv e r s i ty ,  M iss o u la , M ontana 
A. Bo, B a c te r io lo g y
M ontana S ta te  U n iv e r s i ty ,  M isso u la , M ontana 






M embership i n  P r o f e s s io n a l  S o c ie t i e p s
S o c ie ty  o f  A m erican B a c te r io lo g i s t s  1 9 5 9 -d a te
S o c ie ty  o f  Am erican P r o to z o o lo g is t s  1 9 5 9 -d a te
P hi Sigma S o c ie ty  1 9 5 0 -d a te
American I n s t i t u t e  o f  B io lo g ic a l  S c ie n c e s  1 9 5 0 -d a te
Membership In  O ther O rg a n iza tio n sg
Alpha P h i I n te r n a t io n a l S o r o r ity  1 9 5 7 -d a te
Honors and  Awardsg
E le c te d  to  N a tio n a l  B io lo g ic a l  H onorary  S o c ie ty  195&
(P h i Sigma)
A lpha P h i I n t e r n a t i o n a l  S o r o r i t y  G rad u a te
S c h o la r s h ip  1959-1960
U. S . P . H. S . N a t io n a l  I n s t i t u t e s  o f  H e a lth  1959—1960
P r e d o c to r a l  R e se a rch  F e llo w sh ip  (#E F -10p l59 )
E x p e rie n c e s
R esearch A ssista n t^  A m ebiasis R esearch P r o je c t
D epartm ent o f  B a c te r io lo g y  g M ontana S t a t e  1957-1959
U n iv e r s i ty ,  M is s o u la , M ontana.
Graduate A s s is ta n t ,  Department o f  M icrob io logy
and P u b l ic  H e a lth , M ontana S t a t e  U n iv e r s i ty  1959
M isso u la , M ontana
R esearch A s s is t a n t ,  Ruminant I n t e s t in a l  P a r a s ite s
P r o j e c t ,  D epartm ent o f  Z oo logy , M ontana 1959
S t a t e  U n iv e r s i ty ,  M iss o u la , Montana
Papers P re se n ted :
Growth o f  S h ig e l l a  s o n n e i i n  t h e  p re s e n c e  o f  p y r i d in e - 3 - s u l f o n ic  
a c id *  A nnual m ee tin g  o f  C anadian  S o c ie ty  o f  M ic r o b io lo g is t s ,  
V ancouver, B. G*, Ju n e  1 3 -1 $ , I 96O.
